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Needle Damage at High Machine Speed a 

As the rotational speed of a knitting machine is. 

increased, the incidence of needle fracture at the head. and 

butt also increases. The time spent in replacing the broken 

elements offsets any advantages that could be obtained from 

running the machine at high speed' in an attempt to obtain an 

increased fabric production rate.. Until the mechanisms of 

rccdlc fracture are thoroughly understood it will be impossible 

to design machine elements that can operate satisfactorarily 

at high speed. 

Needles 
, 
break at, the beginning, of the hook bend. at 

the butt, and, less frequently, across: the. latch pivot, as: 

indicated 
.. 
in' Fig. 11 4. Fig 11 .2 is a. diagram. showing a 

typical sample of fractured needles.. 

Later experiments, discussed. more fully in chapter 19 

and 20, were to demonstrate that the majority of the butt 

fractures 
., originate from the top of the b+"tt and, only 

occasionally from the bottom. Fig 111.2 shows the fracture 

in a transition stage before the butt. is completely 

separated from the shank.. .. -.. 
Th, D head fracture occurs at. the 

, 
beginning of the 

hook bend, at the thinnest: section. _of the needle shank. 

The results of measurements; carried out, at the Bentley 

Machine Development Co. Ltd. have. " indicated. that head', 

fracture occurs at approximately the same rate,, independently 

whether the machine is knitting or-the needles are pasaing., 

through the cams without knitting. These experiments also 
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indicated that latch impact is nat the primary cause of 

head fracture, although it certainly could be a 

contributory factor at high knitting speeds. 

. A, metallurgical examination of the fracture surfaces 

of a sample of latch needles, that had. broken at the hook 

bend during normal service, was carried out at the Bentley 

Machine Development Co. Ltd.. The metallurgist suggested that 

the fracture. surface was characteristic of pure tensile 

failure and he could not determine any evidence to suggest a 

fatigue failure. 

11.2 Reasons for Impact Measurements. 

The major reasons for embarking upon a detailed 

analysis of the cam-needle impact, and its-ieffect upon 

needle fracture, are summarised below : - 

(i) Petrow33 to 37 ina. 
predicted theoretically 

that an impact between the cams and knitting elements wculd 

generate a stress wave that would reach damaging proportions, 

just at the beginning. of the bend of the hoof. Subsequent 

to his analysis, he redesigned some needles arid successfully 

increased the normal operating speed of the knitting machine. 

(ii) Measurements using the trand. ucer mark (III) 

see Fig 8.16 (b) section 8.5-d4r. indicated that there was an 

impact just at the point where the needle first contacted! 

the stitch-cam. This impact became more prominent as the 

machine speed was increase]. 

(iii). As machine speed increased the fracture rate 

also increased and it was difficult to see how the steady 

level of cam-force, as measured with the transducer mark 

(III), could be responsible for this. Experiments, see Fig 

8.16 (b) section 8.5.4, 'indicated that the cam-force did not 
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change very much as nuchine speed was increased, unless. 

a heavy addition of oil! was applied to the trick. 

(ir) At high machine speed, needle head fracture 
t 
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occurred, even if the needles were running through the cams: 

without yarn being fed to the hooks. Omer than stress- 

wave propagation or hook vibration, there was no other 

constraint or-force acting on. the needle hook. Stress- 

waves; or hook vibration could; only be generated. by a rapidly 

applied impact force. 

11«3 Inability of the Cam-force Transducer Mark-III 

to Measure the Impact.. 

As an initial approximation, the transducer beam 

was idealised as a simple spring mass system with the 

spring stiffness and msss. analogous to the beam: stiffness 

and mass.. When two elastic systems collide, the force pulse 

that instantaneously exists at the impact point is often a 

half-sinusoidal pulse as shown in Fig 11 . 3. The response of 

the transducer beam to a. half sine-wave of duration /ca 

seconds, where ca is the pulse frequency in cads/sec, can 

be represented by the equation 

d2 

ýý ýý 

viher$ ; 

Flý) " ý =. 
(On _ -j Pl 

k 
and rat are defined in rig 11 . 3. 

9W 

F(E) = Fostn(wA) Clt ýý", w) 

F(t) =ot >-'`'wý 
-, ,.. and 

d 
ýý ` khe acceleration of mass rn, 

r (5 a), 

ý 
d E2 
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The solution of the equation is the sum of the 

complementary function and the particular integral.. It 

has the form shown below ;- 

=A sin (wt + Q) + Fosin(c t) 
" 

k(I -`IO/Wn12 
The constants, A and 0 can be determined from the 

initial conditions :- 
ti 4zy 

o, ^ dE2 
_ 

I when E= -=O. 

V 

or 
ý t{ 

nax 

The following equation is then derived : - 
Fo (sinýcoýý 

, 
ýýýýnýýtirt(cJnfý/ (51)" 

y 0-(CO/ 
If the beam natural frequency ( is several magnitudes: 

higher than the pulse frequency 4, 

then is approximately equal_ to 
FO 

51 fl cat , 

and static calibration of the beam can therefore be used 

with a good degree of accuracy. 

However, if (Jn is not very much larger, or even 

smaller, than the pulse frequency W, then the pulse shape 

recorded by the strain-guages would be considerably different 

from the actual forcing pulse shape, and there would be a 

large amount of beam resonant frequency after the impact. 

An experiment was carried out to determine the response 

of the cam-force transducer mark. III to the impact at the 

" instant; of needle stitch-cam contact. The filters illustrated 

in Pig 5.5 were not connected into the circuit. The experimental 

traces obtained, showed severe beam natural frequency 
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oscillation, and a low magnitude initial pulse at the moment 

of contact. From these results it was concluded that the 

pulse frequency was either similar to, or considerably 

higher than, the beam natural frequency. 

The cats-force transducer mark III was therefore not 

considered to be a suitable instrument for the measurement of* 

the impact process because the beam natural frequency was to- 

11-4 .L Requirements of an Impact treasuring Device. 

1, successful impact measuringtransducer must 

satisfy two basic requirements : - 

(i) It must have a natural $equency considerably 

higher than the highest significant frequency component of 

the pule-.. 

(ii) The measuring system attached to the transducer- 

must be capable of recording a signal in response to the 

impact. 

\ý 
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CHAPTER 12ý 

STITCH-CAM IM PACT' 

ý 

12.11 / The Need for an Understandin,, - of the Impact 

before an Instrument can be Dcsigned. 

Before an impact measuring device is designed it is: 

essential that some knowledge of the impact pulse shape and 

magnitude is obtained since, without this knowledge, it is 

impossible to know what natural frequency and 'strain- 

sensitivity the measuring instrument must have. Additionally, - 

a theoretical analysis is desirable, because it would 

indicate the manner in which the various parameters influence 

the impact process,; and because it would offer' guidance as 

to the manner in which subsequent experiments should' be 

carried out. However, it is dangerous as well as unscientific., 

to ass:: me that any initial hypothesis is automatically valid,. 

because frequently experimental results demand that 

fundamental changes should be made to the theory before it 

can become a reasonably true representation of the impact 

process. 

. 12.2. Theoretical Prediction of-Stitch-cam-Impact. 

A theoretical examination of the impact process was 

undertaken and the results of the analysis formed the 

subsequent basis for the design of a measuring instrument. 

The forces acting upon the needle at the instant it 

contacts the stitch cam are shown. in Fig 12.1 , and the 

nomenclature used in this theoretical analysic is defined' in 

Fig 12.2 

Initially, when the needle first contacts the cam, 

the butt deflects and bends until the vertical component 

of the cam-needle reaction force reaches a value that. will 
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where R, = _R(cos 
9- kzu2sin 

and R,, }ZpZcose). " 

. N5 = Let 

60 

therefore from the above equations(52)t'0(55) the following 

equation for R can be derived i 

(55). 

HS .) 
cos E) (I -c< k, ý2i, i2) - SinAýýrz+°ck, ýýý 

just overcome the static trick, resiatance and start the 

needle's, acceleration downwards. 

The limiting value of the vertical force just before, 

vertical motion begins, can be determined: from the force 

relationship shown on Fig 12-1. 

Ry= kN. Q + h, p, (Rk+s)+ PS -m) " (fl), 
1" Rx ba 

and `' Rk +' RS Sº 

.ý 

., ý , 

where oC = 26 
_, i a 

As soon as the needle begins to move downwards an accelerating 

force 'exists : - 
2 

Y dk 
A great simplification in the analysis can be made if, at, 

this initial stage, the viscous. resistance F is assumed 

i 
. 

(54), 

negligible, (note: further work concerning the effect of the 

viscous drag upon the impact is contained in section 12.3.2. ) 
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In equation(57), if we say . 

Rx = 
6ýsý 

"" 

Pd - rnq ) 

and Rk + Px ýSý., 4 

I 

. C5$), 

" (59), 

" (6o), 

then equation(57) simplifies to a, form :- 

;n dZy 
".. (6ý), 

EZ 
ýa 

Fig 12«3 shows the motion of the needle butt just 

as it begins to move vertically downwards:, and from this 

the following equations can be derived :- 

I 

Sv 
.-J coton9J (62}, 

.` 

_. 
bvt x vt, 

and therefore wvý- ycotan p. "" (G3), " 
'J. 

At-this stage in the analysis it was important to 

determine the relationship between the horizontal force 

acting on 'the butt and the resulting butt deflection. 

However, this is not at all easy to predict theoretically, 

because a large number of parameters. influence the bmtt 

deflection under load,, some of which are summarised ai 

follows s- 

(; ) the clearance between the needle shank and 

the trick-walls,, 

(ii) the stiffness of the trick walls, 

and (iii) whether there are needles in tricks immediately 

adjacent to the needle under load. 

It was considered a: simpler and more reliable operation 

to measure the butt deflection by experiment and then 
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attempt a theoretical analysis of butt: def]e ction under 

load. 

The experimental and theoretical analysis of butt 

deflection is detailed in section 12.4.; A close fit to 

the experimental result can be obtained using the theoretical 

expression : 
Rx = 

K; 
OV 

ý' 
_ e-gýV 

ý, ' 
". " (64) ) 

where K and B= constants. 
The resulting analysis: using equation(64)became 

highly complex-- and non-linear differential equations: 

resulted. Consequently, for an initial: examination-, it 
,; vas 

decided to approximate the shape of the butt deflection- 

graph to a form that would serve to simplify the analysis. 

A. reasonable approximation to the shape is shown' iii 

Fig 12. t4, which is, represented by an equation of the form :. - 

Rx= K(äv- G) öv?, G"" (65) 

and. Rx= 0- 
_bv< 

G 

where K and G are cam-angle dependent.. 

It was considered that -the simplification would involve 

maximum error at low speed when the butt deflection at impact 

is small. 

Using the simplification 

KSv=- RX+KG " 
let K Sy = N. 

0 (66), 

(67). 
Where N. is a. horßzon. 7y, applied force,, 

(68), 
and hence N=N,. (sin 0+ coS O) 
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The response was evaluated for a slope deflection, 

graph that is, linear and of slope Kt to the origin.. The 

force'NX can be determined. from the response and corrected 

using equation (66) . If the term K (, )v- G) had been used in; 

the analysis, then it would have been difficult to define 
19 Q 

and at 1=0 because equation(65)is. only defined for : 
Ar 

Ký 6V, > ''ýJ G. / 

Using equation(6i) '' 3nii substituting 
N for R: the 

following equation is derived. 

N(cos. 8- ineý - Hd 

which b6comes :. - 

0N. y2) 

_N cos 8( l-ýý,, N2ý - sin A{ N2 + ap)) + Nd 

Therefore from 
equab ons (70,. (67) and (68) : 

K(S`') (05e (l - 
sin 0+ cos 9 

Let 

then 

ý 
ý2 2 (�c) 

at r' 

11 d2 1 
_. mcý(7o). 

fd2L sin 9a (71). 0 
--- H in d (. 

d k2 

cos 9ýi-ocý, NZý- sin0(jh +°<N')/ 

sine `i' N2cos8 

l. 
ocN ( SinB -i- Co 15, = 

D (Sv) - Nd 

and 

d2 
dkZ 4 

frort Cjuntiion5 (73) and (63): 
ci2 

D (vt -y cokan 6) - {-IcL -M --ý 

Finally 

d. 
2y 

Dv t 
d k2 rn 

ý "' 

I 

I. 

0 

(Y1 

ýý (72)º 

40 

232 

(73), 

" (74) 

" (75). 
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The solution of equation(75)has the form :- 

vt tanG -D raz8 - asi n(nt + 0) >9'0 (76)) 

where T is a frequency term given by :- 

ý' O1 

then 

Cos 0 

ý 
sin o 

I 

_racýs 
f sec 

14 ib 

y 0, dy-0, 
dt 

-I 
Hdl tane 

0. ýý- . .I 

ytnn0 .,, 
na ý 

and hence 
2' 

kn) 
The reaction force R can also be derived from 

equation (GG) :. - 

N. 
_= 

Kv 
SS 

Sine +pzcose 

Using equation(63) , equation (81) becomes : 

N r" 

(773. 

"ý ý8ý ý 

0 (79) 
I 

ý 0 ýu0 
0 

($i). 

.ý (82) ) 

and substituting equation (76) for 4 ., equation (82) 

_K (`tt -"ucoLan6) 
sine+ NZcese 

becomes :- 

.N 

and 
Nx 

K (Nd 
+Qc, ota. n e sln (nr +O)) V 

sin0 + Ncos 0 

K Na 
. ý- a coton Q sr*n ̀nE +ýi)J 1? 

0 

0 

" (83), 

0 (sý). 
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then 

Finally 

and 

RX -t- KG=. NX . 

R =K 

5in8 -t- p2 cos6 
ýoc__vt-- cctan8 G 

=O for 
_ vt -- y cvtar1 8<G" 

The equations governing the motion of the needle butt, and 

the force instantaneously created between the butt and the 

cams, are summarised below :- 

where 

- YE tan 9 -- 
Nd 

tarn 6- asin (nr ý ýý CS8)) 
. '. ý 

[DcocuG 

.:.. _. _ý_ 
M '0 (89)i n= 

and 

CAS V rane 
na- 

and 

" C1.2 

av 

I 

(gQ)) 

v2 ýu 2,. 
R8r. 

and finally using the approximate butt-deflection graph:. - 

\ý 

and 

R 

R 

Na 
+ acokan 8 sin (nt + 

(99 ) sýnQ + u2cos6 
lor 

ut -yc, ckanE'>G, 

_ C) for 
vt-jcctanQ <G. 

01 (85), 

+ acatanOsln(nt -FCß)- G) (86). 

Hd 
+ acotan4sin(nt+0) -G 

M 

ý týý>> 
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Fig 12.5 is a diagram intended to provide a 

physical interpretation of the needle motion on the cam 

at the instant of impact, but a more detailed analysis is 

carried out in chapter 11, where the theoretical and 

experimental results are compared. 

12.3 Omissions and Simplifications contained in the theory. 

Some assumpticns and modifications were made to the 
r 

theory in order to simplify the analysis. It was important 

that the effects of these simplifications were clearly 

understood before the theory was used for the-design of an 

impact transducer.. A brief summary of the major assumptions 

is as follows : - 

(i) The butt deflection under load.. 

(ii) The viscous damping term. 

(iii) The surface profile of the cam:. Each of these 

is treated individually in the following subsections. 

12.3. -1 Butt-Deflection under Load. 

The major simplification of the analysis is the 

linearisation of the graph of butt deflection against 

horizontal. load. The effect of this simplification upon 

the analysis is examined in chapter 14. 

The butt deflection was measured during a static 

examination and it is possible that an inertial component 

of force exists When the machine is running at high speed. 

As an approximation which is reasonably accurate 

for determining the fundamental frequency,. the beam can be 

represented as a simple spring mass.. system.. The spring 

stiffness, and the mass is analogous, to an. equivalent butt 

stiffness. and mass. 

If a force is applied to the spring mass system the 
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following equation can be derived :- 

d2(bv) 
+K 

(bv) = R, W (93) 
dt2 

where fiv = butt deflection. 

Si = K/ butt natural frequency.. 
IMV" 

RJr) horizontal applied. force as a 
function of time.. 

Ký butt stiffness. 

rn equivalent butt mass. 

From equation 
(93) : 

ý I 

MF (94), 

where M, F = the magnification factor (defined. 
as the ratio of the amplitude to 
the deflection that a static force 
of magnitude F would produce): 

An estimation of the butt natural frequency was 

carried. out using an approximate value for from 

which it was, obvious that the frequency was considerably 

higher than the pulse frequency which is, measured and 

examined in chapter 1LI.. Using this resuitM. F is_ very nearly 

equal to 1 and a static-calibration is therefore justified. 

12.3.2 The Viscous Damping Term.. 

To simplify the analysis,, the effect of the oil ui om 

the impact was neglected. The final'-solution, obtained from 

the theory, predicted an undamped oscillation of frequency h 

rads/sec. It was expected that the oil would : act as, a 

damper and eventually reduce the amplitude: of the oscillation. 

to zero. The stitch-cam impact transducer, which is detailed 

In chapter 13 was used: in an experiment to determine the effect 
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of the oil upon. the impact process. 

A fuller explanation of experimental method using 

this transducer is-left until. chapter 14. However, initially 

a trick, a 0.443-mm needle and the cam were thoroughly 

cleaned with solvent and dried. The machine was then run and 

a photographic trace was taken. A large amount of oil was 

then applied to the trick, the machine was re-run. at the 

same speed, and another trace was obtained.. 

Inoll, 'a range of similar testa. were carried out at 

a wide range of machine speeds. Typical samples are included 

in Figs. 12.6 (a) and (b) 
. 

From the results the following conclusions were 

drawn 

(i) The oil had a negligible effect upon: the 

magnitude of the primary impact. 

(ii), The oil_ shortened; the time of needle bounce 

on the stitch-cam. 

(iii) The-oil tended. to decay. the oscillation. 

magnitude* 

The-terms. "primary impact" and "bounce" are discussed 

in more detail in chapter 13 and 14- 

12. 
-',, -3 Effect of the Surface Profile of the Cam upon 

the Impact. 

The theory assumes that the cam: surface at the point 

of impact is defined by the cam angle e, and, in practice,. 

wear takes place to a far greater extent at the point of 

impact than at other points on the-cam. surface. Because such 

excessive wear alters the cam: angle,. the theory must be 

modified to allow for this change of cam-shape. 

12.4 Measurement of the Butt-Deflection under Load. 

A special cam shaped as shown in Fig 12.7 was 
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fitted to the beam of the stitch cam impact transducer 

detailed in chapter 13. A needle positioned-in a cleaned' 

trick',. was forced against the cam. As the butt deflected: 

under load the cylinder moved forward-slightly., and a 

0.0001 inch, dial gauge fitted to the stationary machine 

mounting recorded the cylinder movement, as shown in Fig 

12.7. As further load was applied to the cam, the output 
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voltage from the transducer wa-- recorded. on the Tektronix 

Storage Oscilloscope. An explanation of the circuitry used 

in conjunction with the stitch-cam impact transducer is 

given in chapter 13. 

The butt deflection characteristic was measured for 

the four different circumstances, detailed below : - 
(i) A. test carriedout on a: standard 0.443 mm 

needle, with needles fitted in the tricks on each side of 

the needle under test. 

(ii) A. test carried out on. a, standard 0.143 mm 

needle, with the tricks on each side of the test needle left 

empty. 

(iii) A. test carried out orr -a crimped 0.406. mm needle,, 

the crimp being as shown in Diagram I of Fig 12.8 . 
(i") A test carried out on a modified 0.443 mm 

needle, the butt shape being as shown in Diagram II of Fig 

. 12.8. 

Four experimental graphs were plotted of butt- 

deflection against oscilloscope trace deflection, for each 

of the conditions (i) to (iv) and these are shown In Figs 

12.9 to 12.12 respectively. 

A- possible explanation for the shape of the butt. 

deflection graph is that initially, when load is applied, 
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the needle is being deformed into the trick� as illustrated 

in Pig 12-13. The force deflection characteristic in this 

region would be highly variable because no needle or trick 

has precisely the same shape. When tests were carried out 

on a: large number of needles in various-tricks, it was 

discovered that the initial low force region was highly 

variable while the high-force characteristic was much 

more' constant (see Fig 12.9). When the needle with the 

modified butt shown rin Fig 12.8 diagram II was tested 

(with backing needles in adjacent tricks) the butt stiffness 

(Fig 12.12) was reduced; however the lowest, value of 'K 

was obtained when the standard 0.443 mm needle was tested 

(F'ig 12.40) with the backing needles removed, from the 

tricks immediately around the test needle. These two 

experiments, and others, indicated that the largest 

contribution, to the butt deflection. under load was actually 

trick wall deflection, the butt contributing only-a 

relatively small amount to the total deflection: under-high 

load s-. 

The slope of the graph (Fig 12.11) when loading the 

0.406 mm, crimped needle shown in diagram I of Fig 12.3, 

was, not very much different to the deflection slope under, 

load for the standard 0.443 mm needle. Initially, when 

loading the crimped needle, a large deflection occurred for 

only a small load; this region corresponded to the 

straightening out of the needle criwp. 

12.1.. 1 Theoretical Estimate of Butt Deflection under- 

Loads. 

Pig 12-14 is a diagram of the forces acting on the 

needle butt, from 'which it is. obvious. that., when the 
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cam-cylinder clearance is small., the butt deflection-is very 

small. From the geometry of the drawing the trick wall would 

deflect most when the butt was loaded. The major 

difficulty with any form of theoretical-approach to, the 

problem; iy_ that it is very difficult to determine how much of 

the verge wall is taking part in the bending procese:. However--,. 
r 

treating the trick wall as a cantilever in simple bending, - 

it would need to be 2.45 in. wide to produce a force per 

unit deflection of 6000 lbf/in. The derivation of the 

figure (2. L5 is shown irr_ Fig 1.2 . 

12.4.2 The Dependence of K and G upon,, the Cam Angle. 

To simplify the theoretical analysis: an approximation 

was made to the shape of the butt-deflection against load 

characteristic.. As shown. irr section 12.2o. the shape , of the 

graph was represented by the equation::. - 

! RX 
-K 

(Sv 
- 

G) . 
(95)) 

where RX 
,= the hor. iaonta2L component of cam 

reaction force --"- 
K= the graph slope 
by = butt deflection: 
G= intersept of. graph with vertical 

axis. o. 
It was obvious from the theoretical, analysis, that 

during normal service, the horizontal force acting on the 

needle butt for steep-angled cams would be considerably larger 

than. when shallower-angled cams . were used-.. It was decided 

to weight the factors. K and G according-: to cam-angIe. The 

manner in: which this. weig. Liting was carried out is. - shown in 

Pig 12.15, which is a butt deflection against, load graph 

for a, standard 0.443 mm needle., with needles fitted in the 

surrounding tricks; this particular needle and its trick 

were used for the majority of experiments d, ecailed in chapter 
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From Yig 12.15, the following values of K and G were 

determined :. - 
(1); ' Cam-ongle 0c 60° K=5,980 lbf/inch,, 

(_ 11.36 x 10 irr. 

Using these values the theoretical solution 

should be accurate for horizontally applies! raids above 1000 gf. 

The maximum. error occurs at very small- values of horiz. ortal' 

loaä. 

(ii)' Cam-angle 9= 450 K= 4,070 lbf/inch, 
G= 8.35 x 10-4 in-. 

Using these values the theoretical. solutionz 

should be accurate for horizontally applied loads of between 

450 and 1,900, gf . Maximum errors should occur at very small 

and very large values of horizontally applied load. 

(iii) Cam-angle EG = 30° K=2,600 Ibf/inch, 
G=5.36 x 10- iny. 

Using these values the theoretical solution should 

be accurate for hcrizontally applied loads of between' 236 and 

1',. 000 gf. Maximum errors occur at very small and very large 

loads. 

Values of K and G were selected' for other cam. 

angles and a graph was d ravm of the K and G variation. as 

shown in. Fig 12.16. 

12.5 Measurements of the Coefficients of Friction'. 

Before the theoretical analysis could tie used. to 

determine the required natural frequency of the stitch- 

cam impact transducer, and for comparison with experimental 

results, it was important that the coefficients of friction. 

should be measured as accurately as possible. 

The coefficients of friction between the needle and 

the cam, and the needle and trick were measured in_ secticii. 
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9.3. Because the needle was now being run in a different 

trick, and the cams were different to those used in section 

9.3 it was decided to remeasure the coefficients. The tests 

were carried out using the same method detailed in section 

9.3" First, the coefficient of cam-needle' friction, F) 

was calculated from the experimental traces of vertical 

and horizontal impact, and then independent tests were 

carried out using the tilting table shown in Fig 9.4. 

The measurements were carried out with a light smear of oil 

on the cam surface. The actual values determined' were 

slightly lower than those quoted: in. section 9.3. Although 

the coefficient of cam-needle friction, measured using the 

tilting table was only very slightly less: than that determined 

in section 9.3:. the' value obtained' from the trace was: much 

less.. L mean-value of the cam-needle coefficient was 

assumed to be 2- 0.089, and .. 
the value of the trick-needle 

coefficient used was P= 0.10. 
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0 F= viscous drag from oil 
Pd = trick clamping force (dynamic) 
S= side reaction force 

= coefficient of friction (cam to needle) dynamic 
(trick to needle)) 

to = needle mass 
n= needle weight 

= time 

th d inertial force 
dta 

v vertical velocity 
dE dx 

= machine peripheral horizontal velocity 
dt 
CVJ = vertical acceleration 

dL2 
by =butt deflection 
R= cam-needle reaction -force 
Rx= horizontal component of R 

Rr= vertical component of R 

Rk= side reaction force ) 

CL = reaction force (R moment arm see Fig IZ. 1 for 

b further explanation 
reaction force (5) moment arm 

(ý = band-spring force 
e= cam-angle 

k& r, static coefficient of friction triclt to needle 
kz cam to needle 

ýs = trick clamp force (static), 
- 

K 

defined in text. 

K= butt-deflection against load graph-slope 
It It It 11 11 intersect with axis 

defined in text 

Nomenclature used in Impact Analysis (section 12.2) 
(see also Fig 12«1) 

Fig 12.2 
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The Damping Effect of the Oil 

Scales 

Horizontal impact scale = 69.4 gf/mm (V); 

Vertical impact scale = 76.4 gf/mrm (V) 

Cam angle = 49° linear 

Diagram I= No oil 

Diagram II = Heavy addition of oil 

(H) = Horizontal scale 
deflection: 

(V) = Vertical scale 
deflection 

Needle type - 0.443 mm see Fig 3.2 

Parameters 

Time 

Machine Speed 

=2x 1'0-4 Secs/8.5 mm (H)` 

= 0.86 m/sec (31.5 in. /sec) 

0 

Parameters for traces 

shown in Fig 12.6(b) 

Fig i2.6(a) lbb, 



3.4 x 10-L' secs 

Vertical impact 

iioi. izor, t;; Xl i :., -ýot 

i: o:, 1 zor: t. 11 

DI'I ;: ",,;:.. . 
No Oil 

Loss of 
contý,, ct 

Vertical impact 

I. 

875 Kf 

1 
I'll- 

DIAGRAM II 

Heavy addition of Oil 

r 
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Effect of the Oil upon the 
Impact Force Fig 12.6(b) 
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CHAPTER 13 

STITCH-CANT IMPACT INSTRUMENTATIOW 

13.1; Des en and Manufacture of a Stitch-Cam Impact 

Transducer. 

The stitch-cam impact transducer necessitated a 

much higher natural frequency than had the earlier cam- 

force transducers. (marks I to III). As a basic force- 

measuring instrument. however, its mode of operation was: 

similar to the cam-force transducers, and for the same. 

reasons that the transverse bonding mode of operation was 

selected for the semi-conductor strain-gauging (sec sections 

3-1.1. and 4-1) this was also used for the impact transducer. 

Designing the instrument to be similar to the cam-force: 

transducer had some other obvious' advantages as: 'follows. 

(1) Since the cam-force transducer and impact 

transducer were both similar in design, and both used semi- 

conductor strain-gauges,. no modification was- required to 

the circuitry. The cam-force transducer needed only to be 

unplugged and the impact transducer plugged in. to replace 

it. however, the filter' circuits, which were' specifically 

designed for use with the cam-force transducer; were switched 

out of circuit when the impact Instrument was being used. The 

circuitry was suitable for impact measurements because the 

calculated maximum impact-frequency component was well 

within the frequency bandwidth of the Strain-Stall D. C. 

Amplifier and the Tektronix storage oscilloscope. 

(ii) The mounting arrangement of the impact 

transducer was exactly the same as for the cam-force: 

r transducer. The two units were completely interchangeable,, 

the clamping mechanism and bolt holes. being the, same for both. 
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(iii) The impact transducer was calibrated in: 

exactly similar manner) as for the cam-force transducer. The 

same apparatus used for calibration on the bench and machine 

could 'be used for both instruments.. Further information 

on the calibration'proccdure was given in section 4.5 and 

Fig 4.10, the only difference being that the load, applied 

to the cams of the impact transducer were much higher,. i. e. 

up to 20 kgf, when compared to those used for calibrating 

the experiments of chapter 8. 

(iv) The strain-gauging techniques established 

during the design of the cam-force transducer mark III were 

repeated-with the stitch-cam: impact transducer. Semi- 

conductor strain. gauges were'used, and these were bonded 

to the surface, as described in section: 4.4.1. 

Recommendations: contained in chapter 10 for the 

future design of a cam-force transducer were applied to the 

design of the impact measuring instrument. The beam and 

supporting bracket were as a single part out of aluminium. 

Further details of the design are given in the diagram 

Pig 13.1 " 
Using the impact analysis, and-the measured 

coefficients of friction, the impact pulse vas 'calculated to 

be sinusoidal_in shape with a frequency of approximately 

3,. 000 Ha. It was considered that a suitable natural frequency 

for the impact measuring instrument was approximately five 

times the maximwn pulse frequency, i. e. 15,000 E. Since 

the impact magnitude was calculated to be much higher 

than the magnitude" of'the cam-force (chapter 8), it vaa 

considered that an instrument with a natural frequency of 

15,000 115 xrould. still have adequate sensitivity to record 

-j 

h&, 



the impact. 

An instrument was designed having the beam proportions 

shown. in rig 13-t e. The beam was so stiff" and thief, that 

it was more like a -stiff boss than a conventional beam and 

therefore simple beam-theories could not be used in the cal- 

culation cf the natural frequencies. Subsequent to the 

completed design, it was considered that, no matter what 

measuring method was-used., it would be very difficult to 

increase the natural frequency any more because the beam, 

becomes so`6thick and short that it is no longer a practical 

measuring method. With such a thickc. beam, a linear load-to- 

strain relationship cannot be assumed',, and the calibration 

procedure becomes very important. It does not really 

matter what is the relationship between force applied to the 

cams and the resulting strain, provided that calibration 

graphs can be obtained before and after experiments and they 

are always repeatable. However; when cal ibration- tests were 

carried out on the impact transducer,, the relation ship between 

strain and the applied force to the cams was found to be 

linear for the force range of 0.. ta 20 kgf. 

If such a high natural frequency was, to be achieved 
it was important that the mass of the cams, at the end of the 

beam. should be minimised* It was impossible to use the cams 

originally fitted to the cam-force transducer mark. II because 

they were far too heavy, and the cams actually designed for 

use with the instrument were very small and of low mass.; 

they were, however, of the same material,, hardness. and, finish 

as conventional circular knitting machine cams. 

During the design stage the natural frequency of 
the beam was calculated using a strain-energy method. 
When the transducer was built and in use, the natural 
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frequency was found to be lower than the calculated value 

and equalled approximately 13,. 000 He. Fig 13-1., shows the 

method of clamping the transducer to the knitting machine. 

The design of the cams for the impact measuring 

transducer was considerably different to that used for the 

cam-force transducer, and this meant a, major alteration-in 

the method'of carrying out measurements as discussed in more 

detail in section 1lß. 1. 

The cams-. used. with the transducer were of a very 

simple design, and to increase the measuring range of the 

instrument a large number were made, with a range of various 

cam angles,. A facility was also designed into the impact 

transducer to enable it to be used for guard, cam impact 

measurement; this is discussed more fully in chapter 15. 

13.2 Design of an Instrument to Measure the Bounce of 

a Needle on the Cams.. 

Researchers; using high-speed photography 
31P50 

have 

observed that many needles after the point of initial stitch- 

cam contact follow a. bouncing path down the cam with only 

intermittent cam i, eedle contacts. Irregular motion of the 

needle near the loop forming region could have serious 

disadvantages for stitch uniformity, but it may have some 

advantages on the stitch-cam:, particularly in respect of heat: 

generated at high speeds. ' There were obvious advantages-in 

building a needle bounce detector that could be used in 

conjunction with the stitch-cam impact transducer as follows: - 
(i) It could: be used to determine the parameters, 

that effect needle bounce, the extent of the bouncing, and 

the effect of guard-cam bounce upon loop formation. 

(ii); It could be used for an independent examination-" 



of the theory derived in section 12.2. 

(iii) When used in conjunction with the stitch-cam 

impact transducer it would define regions of the impact 

force; trace where there should or should not be an impact. 

A very simple device consisting., of a battery and 

a high r es, istance was used. �as shown in Fig 13.2. The device 

had the advantage of containing no delay elements, in. the 

circuit, capacitors,, inductors, etc.,, and consequently its 

response was very fast, having a rise time of less.. than 

1x,, 0-6. seconds. 

To use the bounce detector, the impact transducer' 

had to be electrically isolated from the rest of the knitting 

machine, by placing sheets of bakelite between the transducer 

and the clamps and bakelite"washers*round, all the clamping 

bolts-. One of the wires from the bounce detector was then 

connected to the transducer and the other wire to the knitting- 

machine. As soon as the needle contacted the cams, the 

circuit was closed and a 1.. 5 volt'signal appeared across the 

oscilloscope terminals- however, when the needle and'cams 

lost contact the voltage across the oscilloscope collapsed. 

The nature of needle bounce could thus. be easily observed at. 

exactly the same instant as fore measurements were obtained. 

from the stitch-cam impact transducer. The high resistance 

in the circuit ensured-that.. when the circuit was closed,, the 

current flow through the needle and cam was, an absolute 

minimum. i. e. in the order of micro-amps. 
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CHAPTEPR 14 

STITCH-CAM IMPACT EXPERIM TATION 

14.1 ; Introduction. 

Detailed., in this-chapter are the results of 

experiments, using the stitch-cam impact transducer, for 

investigating the effect of various parameters upon the impact. 

A comparison of these with the theory (derived in section 12.2)) 

is also detailed in this chapter. 

All the results derived in chapters 14,16and 17 are 

sumuarised in chapter 18,, and the relevance of the results 

to the design of the needles,, tricks and cams, is discussed 

in chapters 23 and 24. 

14.2 Experimental Method . 

, 
It was not possible to carry out the normal', 

knitting process: whilst obtaining stitch-cam; impact measurements.. 

Two important reasons for changes,,. in the experimental 

method,. from the system used with the cam-force transducer 

mark III,, as detailed in section 8.. 1 , are stated below 

(i) The requirement of a high natural frequency, 

for the impact transducer meant that the cams attached to 

the instrument had to be small in order to reduce the 

mass at the end of the beam. To carry out the normal 

knitting process, the cams would need to be much larger and 

heavier. 

(ii) In section 8.5.4 it was noted that the stitch 

cam impact became more prominent as machine speed was 

increased. The relationship between speed and Impact is 

very important because future machines will probably run 

much faster than those of the present day. For this reason 

impact measurements were carried out over a range from 
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O 
, 
to 150 ft/min (2.28 m/sec). During the experiments 

detailed in chapter 8s, it was found difficult to-operate 

the knitting machine above 250 ft/min (1.27 m/sec) without. 
I 

very frequent stops to remove damaged needles and repair 

fabric holes. Obviously, impact measurements"" would be very 

difficult to ' obtain if the speed was such-that the machine 

could not satisfactorily knit and very frequent stops had to 

be made. 

The experimental arrangement for the impact measurements 

is 'shown in 'Fig 1LE. 1 Before measurements could be carried 

out, all the needles and cams-were removed from the cylinder,., 

and a standard needle, which for most-'experiments was a 

0.413 mm= needle illustrated in Fig 3.2,. was fitted in a 

thoroughly cleaned trick. Several'similar needles, but with 

their butts removed, were positioned-each side of the standard 

needle; at the opposite side of the cylinder, and at 

several intermediate positions, 'single needles, without butts,. 

were fitted.: `The purpose of fitting so many needles around 

the circumference was two-fold; firstly, the equal distribution 

of needles balanced the cylinder during rotation, and 

seccndly, the band-spring. 'acting on an equally distributed. 

mass of needles maintained its uorreat normal operating 

tension ö, Li'the standard needle under test. 

The stitch cam impact transducer was fitted and lightly 

clamped to the knitting machina. A 0.15-mm shim was then 

placed between the cam and the cylinder, and the transducer 

was pushed towards-the cylinder antil it lightly clamped the 

shim. The transducer was then tightened down' and the shim was 

removed* 

After the' standard needle impacted the stitch cam,, the 



needle moved down and it was-necessary to raise the needle 

again, for it to hit-the stitch cam at the next revolution. 

A raising cam with an angle of 250 . was fitted. on the other 
I 

side of the cylinder*;, After stitch-cam impact, the raising- 

cam lifted the needle, until it was at a height equivalent 
to that of the stitch-cam impact point during normal xknitting. 
There was a danger, especially at high speed, that one of 

the needles would lift out of the trick slightly, and foul 

the cams, thus causing considerable damage. To remove this 

risk, lead-in-cams were fitted, just before the stitch and 

raising cams, these being illustrated in Fig 14-1. 

The standard needle thus impacted the stitch-cam at the 

same height and in a similar manner as the impact during 

normal knitting. However, . there was one difference; in:. that, 

during normal knitting, a loop of yarn, tensioned by the 

fabric weight, is held around the needle shank « To similate 

this effect of the fabric take-down, yarn was looped around 

the standard needle shank, and small weights, to represent 

the take-down tension, were attached to the loop as shown 

in Fig 14.2. 

The experimental procedure was very'simila'r'to that 

used with the-cam-force transducer mark III-as detailed ins 

section 8.1. However, for all the impact experiments, tha 

filters detailed in section 5.2 were switched out of the` 

circuit Calibration of the transducer was initially carried 

out on the bench and frequent re-checks were made on the 

machine. 

The photo-diode trigger circuit was connected into 

channel 1 of the Tektronix. Oscilloscope. The horizontal and 

vertical impact signals were fed into channels 2-1 and 3P 'and 

the bounce transducer output into channel Lt. The bounce 
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transducer was fitted onto the side of the impact transducer 

and, when bounce measurements were required, it was switched 
*` 

i 

on, a trace being recorded on the oscilloscope screen in 

conjunction with the impact traces and the timing pulse. 

The trigger was set to fire the oscilloscope just 

before the needle contacted the stitch-cam, the procedure 

for setting the trigger being identical to that detailed! in 

section 8.1.1. Further information concerning the experimental 

acotan _Q sin (n + G), ". " (ßd) T, -- ) 

change in magnitude. When the force reaches a value where 

the needle.. The impact force then follows a sinusoidal 

the stitch cam the force rises to a. value at which its 

vertical component is just large enough tQ initiate motion to 

detailed in section 12.2« Initially, when the needle contacts 

technique is contained in Fig 14-4- 

14-3 Theoretical Interpretation of the Impact Process. 

A theoretical description of the stitch-cam. 

impact process can be formulated from the relationships 

L 

the reaction-force R becomes equal to zero, and 

the needle butt loses contact with the cam. A theoretical 

bounces occurred. Theoretically, the term defines the 
D 

longer than the impact duration and a large number of 

resistance was very low, the loss of contact was considerably 

in section 11+. 5.2 and 14.6, showed that when the trick 

amount of oil in the trick. Subsequent experiments, detailed 

on the resistance to needle motion in the trick, and on the 

duration of the bounce between contacts was very dependent 

contact was not undertaken, but it was obvious that the 

examination of needle motion subsequent to loss of cam 



steady level of cam-force, and at high speed, if ý is very 

lovr, then it follows from equation 
(q6) that loss of cam contact 

occurs at a relatively lov/ value of the term, aGota. R es! R(nb f 

consequently, a large number of bounces and secondary impacts 

would occur at high speed. When the term 
Nd 

is larger, there, 

are not so many losses of contacts; but the primary impact 

magnitude will be larger due to the increased amplitude 

and the larger value of Further information on this 

point is contained: in. 14.5.2. 

When the needle recontacted the camr a secondary 

impact of lower magnitude'than. the primary developed� 

particularly as machine speed was further-increased. The 

secondary impact also follcwcd'a sinusoidal forca relationship. 

A:. graph showing the theoretical impact as, it varies with 

speed is shown in Fig 14.3.. If a theoretical analysis hadt 

been carried out using the experimentally-obtained graph of 

butt-deflection, then the frequency of the impact pulse would 

have been variable depending upon the load and deflection... 

The resulting force developed at impact would not be a sine 

wave, but would be an addition of waves approximately similar, 

in shape to a sine-wave. 

14.4 Comparison of Theoretical and Experimental Results. 

Experimental measurements, detailed. in this section were. 

primarily concerned with the effects which the yarn-loop, 

around the needle shank, the machine speed, aid the cam- 

angle have upon he impact. 

14.4.1 Effect of the Yarn-Loop around the Needle 

Shank... 

Experiments were carried out to determine the effect 
the yarn around the needle shank has upon. the impact. Initially, 

traces were obtained with no yarn around the shank at a range 
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of machine speeds. Yarn was then looped: around the needle, 

and weights were hung on the yarn to simulate a take-down 

load of 5 gf per needle. The experiment was repeated at a 

similar range. of machine speeds. '' Finally, weights were 

attached to simulatea load of 13.5 gf and the experiment 

was repeated. The yarn had very little effect upon the stitch- 

cam impact and, for the majority of subsequent experiments. 

detailed in this chapter, the simulation of the fabric take- 

down tension by looping yarn around the shank, was unnecessary. 

A typical experimental result is shown in Pig 14.4 (a) and (b)`., 

14.4.2 Effect of Machine Sneed and Cam-Angle upon: 

Stitch-Cam Impact. 

Analysis of the impact process is detailed 'in section-. 

12.2. The equation for the reaction force R is given below: - 

cxcoto. n E) sin(h E+(, ö) -- GJ (9 '7) a co Sloe + µ, 58 

I for vA - 9cobon"O >, G, 

and Jor Vb. - ycolor e 

The coefficients in the above equation have bean 

defined in Fig 12.. 2. The parameters a, 'V and n are defined 

by the three equations shown below 

n_ 
D cotan e 

rnds is ec 

N 'I m 

and 

. Q2 

Sin ý 

r 

0 

((ao), 

" .. (i01). 

In equation (q7) a large value for the term 
D occurs, 

when H& is large and D small. An approximation to H4 can 

ton ý 
fl 

ýý ". 
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be obtained by measuring the force required to lift the 

needle vertically upwards in the trick when the cylinder 

is stationary; the method used was similar to that detailed 

in section 9.5. It was considered that for an average 

needle-trick combination the value of 
Hd 

wais between 20 

and 40 g; fe The term. Ü has a low value with a. 60° cam and 

for this-angle was calculated to be 413 kg4/cm. 

For an average needle and trick 
id 

would rarely; D 
exceed. 100 x 10ý cm 

A lesser value of -ff occurs when V is small. For the 

600' cam,. `when V 1.5 m/min: '(49 ft/min) and the calculated 

frequency term f=1; 8,720 rads/sec, then n^ 
1036, x i06'ý cm.. 

Therefore the term is small compared to n under all 
conditions, except when 

(i) Ha is large, i. e>40 gf . 
(ii) V is very small. 

if the 
Dd 

term is ignored, then equation(g7) can be simplified 

to the fol±ozving form ; 

ý kt, c'., ., 
Fl 

_Kr,. 1\ YJ1111%u IN V/ l1( 

for ý? si nl 
n 

(102> 
Q) n (sin 0+ P2 cos 

and R=03 for t? ý 
51 R- v\ 

Yn 

From equation (102); - 

w� -v r_ � n- Iv IU II II 
I'Max 

I, 
n(5'(nQ-f- u, co5e) 

.ý (103) 

ýýn sin ý ýn 
" (1Q4) 

Y 

Equation (104) 
was evaluated for varying cam-angler,,, 



the results being as follows : 

(i) 8 30a 
1)see K 2,600 lbf/inch (463 kgf/cm) ? section 

G=5.36 m 10-4 inch (13.. 62 x 10-4cm) 
j12 

-4.2' 

0.1 

- 0.08 

D=3,595 lbf/inch (641 kgf/cm)' 
n= Ii. O, 400 rad's/sec 

pulse time 7r/n = 0.078 x 10-3 secs 

see 
section 
12. "5 

RplaX 0-1146v - 2.525 
where: V is: in inches/sec 'and R is in 1bf. 

I 

(t 051 

defined for 0-1146v>'2-525 

(ii) e= 45° _ 
K= 4070 - 1bf/inch ( 729 kgf/cc) ) see 

8.35 x 10"4 inch. 
_(21.20 

X_10-Icn) r-ection 
i 2_. 4 .2 

0.1; ) see 
P?. 0.08 section 

-- - D=3,130 lbf/inch (558 kgf/crý); 312., rj 

Yl _ 28 , 700 rads/sec. 

nulle time 't/n = 0.110 x 10-3 secs 
RmQs =0 . 1' &74V -4 . 49 

defined for 0.1874V >ý:,, 4"49 
(iii) 8= 490 

K= 4r450 lbf/inch (794 kgf/cm)) 
ý-= 9.1 x 10-4 inch (23.1 x 10-4 cm))), 

0.08) 
2,910 lbf/inch (519 kgf/cm) 

n= 25,700 rads/sec« 
Time for pulse "/n = 0#122, x 10-3 secs. 

0.216v - 5.05 "" (I07) 

where: Vis in inches/sec and ýýax irý; in lbf 
," 

. 
defined 0.216V'', 5.05 

(iv) ® 600 
sec. 

K= 5P980 lbf/incr. (1. 
-043 i gf/cIi) sect. ion 

G= 11 . 36 x 10-4 inches 

112-4,2 



ýº 0.1 see; 
0.08, section 

= 2,315 lbf/inch'(1413 kgf/cam)` 
) 12.: 

= 18,720 rads/sec. 
Time for pulse 7c/-n= 0.17 x 10-3 secs.. 

=0 R . 351v - 7.52 (f08l 

where: V is in inches/sec and R is in lbf. 

I 

defined 0.354Y) 7-52- 

Experiments were carried out to measure the stitch- 

cam impact. Initially, a 30 , cam was fitted to the transducer 

which was then clamped down to the machine, the transducer 

position being set so that the cam was only 0.15, mm from the- 

cylinder. The bounce transducer and its circuitry were 

allowed. to warm up for 
,a short time after switching on and 

the machine was very lightly oiled and run for several 

minutes before any traces were taken. 
_ 

Photographic traces 

were taken at a large number of machine speeds, and'from these, 

the peak values of horizontal and vertical impact were 

measured and plotted. The theoretical values obtained, from 

equation(105) were also plotted on the same , graph. The, 

experimental procedure wau repeated with the 45°, 49° and, 60° 

cams, The 30 0,45 49° and 60° cam results are shown 

respectively on rigs 14.5 to 1.4.8 inclusive. Fig 14.9 shows 

the experimentally measured impact force plotted against cam- 

angle at two speeds, namely 200 ft/min (1.00 m/sec) and 

350 ft/min (1-77 m/sec). Fig 14.10 shows the horizontal 

component of the impact force for all the cam angles plotted 

against machine speed. Fig 14.11 shows typical traces, 

obtained during the experiments using the 149° cam, and Fig 
ý\ 

14. "12 illustrates the stitch-cam impact and the steady level 

of cam-force. 

These experimental and theoretical results are 

discussed in chapter 18. 

bbb.. - 
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14.5 Further Experimental Measurements. 

A series of experiments was designed to investigate 

the effects of some important parameters upon the stitch cam: 

impact. The, experiments are detailed individually in the 

following subsections. 

14.5.1 Effect of Needle Modifications. 

A crimped 0.406 mm needle was fitted: in a thoroughly 

cleaned. trick. A-diagram of this needle is shown in 

Pig 12.8 diagram I, and Pig 12.11 is ' the butt-deflection 

graph. Stitch-cam impact and bounce traces were obtained 

at varying machine speeds. The method of carrying out the 

measurements was the same as that detailed in section 1L1.2. 

The machine was very lightly oiled and run'for approximately 

ten minutes before traces were taken. A typical sample of 

traces is included in Pig 1lß. 13, ' and Fig 14.14 is a 

graphical plot of impact force against machine speed. 
It is seen that for the 0.406 mm crimped needle, 

that the impact-force is not very much different to results 

obtained for the 0.443 mm needle on the L19° stitch-cam 

given in section 14.4. However Fig 14.13 shows the impact 

delayed after initial stitch-cam contact, this apparently 

being the effect of the cam unbending the needle crimp. 

A-0-443 mm ncedle with a very much modified butt vac 

fitted in a thoroughly cleaned trick. The butt shape is-. 

shown'in Fig 12.8_diagram II and the appropriate butt 

deflection-against-load graph is given in Fig 12.12. 

Experiments followed the same procedure as detailed in section 

14.1 �and a graphical plot of impact force against butt 

deflection is shown in Fig 14.. 15. The experimental results 

clearly illustrate that a major modification to the butt 

shape had relatively little effect upon the stitch-cam. impact,. 



A standard needle was fitted in a thoroughly cleaned 

trick. Following the procedure detailed in section 14.2-. the 

impact force was measured,. a typical.. result. being presented 

below/ :- 

At a speed of 307 ft/min (1.57 m/sec), 

with cam-cylinder clearance = 0.15 mm, 
and cam-angle =x. 90 
then the maximum horizontal component 
of cam-needle reaction force'- 1,830 gf, 

and the maximum vertical component of 
cam-needle reaction force =I P508 gf. 

The needles each side., of the standard needle under test 

were then removed from the tricks, the experiment repeated 

and a typical result was as follows : - 

Machine. speed 307-ft/min., 

maximum horizontal component 
of cam-needle reaction force 1,665 gf, 

and maximum vertical component-of 
cam-needle reaction force 1,398 gf" 

The results showed that the impact magnitude decreased 

when the tricks each side of the standard needle were empty. 

The experiments detailed in this subsection showed 
6 

that major modifications in butt design had little effect: 

upon the stitch-cam impact. However, the small change 

in the flexibility of the trick-walls,, resulting from the 

removal of the surrounding needles, acted to reduce the 

magnitude of the_, stitch-cam impact. 

Further discussion concerning these results is 

included in chapter 18. 

14.5.2 Effect of Trick Resistance to Needle Motion. 
.1 

If a trick becomes damaged during normal operation, 

or the needle is bent, it is possible that the force required 

to move the needle vertically in its trick can become very 

large. An examination of the trick resistance to motion 



was carried out , on-. a large number of needles in the knitting 

machine tricks, It was found that there was a large degree 

of variation in the force. required -to move . the needles, and, 

although most were reasonably free, there were some very 

free 'in' the tricks, and a few very tight. -- 
1 O. 443 mm needle was inserted in a cleaned tricks 

and the 'trick was then tightened up considerably., '. Following 

the experimental procedure detailed in section 14.1;, a series. 

of experimental results were obtained at varying speed, 

typical samples . of-ýresults' being 'shown in Fig 14: 16 (a) and7, 
(b). Fig 14.17 is a graphical plot of the experimental 

horizontal and vertical impact forces. 

An experiment to measure the butt deflection of the 

test needle under horizontal loads followed, the test 

procedure being'as, detailed in section 12.3.. 1. The graphical 

plot of butt-deflection against load is shown in Fig 14.1: 8. 

Since the experimentally measured forces were high, it waa 
decided that maximum values of K and G should be used In the 

theoretical analysis, i. e. 4,780 lbf/in. (852 kgf/cm) and 

13.. 8 x 104 in. (35.1 x 10_4 cm). 

Using the theory derived in chapter 9'for very low 

speed measurements. 

R 

where 

(log) 

}ýý ý- Mg ýý" (110)o 
All th3 terms are defined. in equation(2Z) chapter 9. 

When the cam-cylinder clearance Is smafly< is 

approximately equal to 1. and when 
I z=0.08, i=0.1 , and` 

Q= '49°', then equation(109)reduces to :- 

Hd 
cos E) (I--Otp, ý2ý-sin ýlh 
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:. 11 

- 
R Hj 

0.523 
0 0 (Ilo 

The machine was run at low speed and an experimental 

- trace! obtained is shown in diagram I`t Fig 14.16. From this 

and using equation (((() 
, the value of i% was determined as 

1,650 gf. 

Using this value of 
Nd 

, the magnitude of the impact 

'force was calculated. The values of the parameters, and: the 

equations used, are shown below :r 

K__ 4,780 lbf/inch (854 kgf/cm) 
Y-0.08 

i1 = 0.10 
G= 13.8 x 10`4 in- (35.1 x 10 cm) 

D=3,111.5 lbf/inch (550 kgf/cm) 

e= 49° 
11 = 26,630 rads/sec 

1,650 gf 
-2_ ,. o?. 

40 

RMOX = 
ýýac. ot an 8 -f . 

HD-d-- 
G, 

sine + 11cos e 
(iii) 

Theoretical curves of horizontal and vertical cam- 

force are superimposed on the experimental results in 

Fig 14.17. These showed a reasonable degree of agreement 

particularly when oneconsideres the nature of the theoretical 

approximations. Further discussion concerning the effect-of 

trick resistance to motion is contained in chapter 18. 

14.5.3 Effect of Needle Mass upon the Impact. 

Equation (104).. derived 'in section. - 14.42, had the form: - 

K(n R sin`E 
Gn (114 

rinx 
-_ ý' nCvr 

sin Q+ 

r2 cos 6 

+---' '°' -. "" (t i 2) 
-6 

The equation was considered reasonably 
, valid provided 



that :- 

(i) Hd < 40 gf, 

and-, (ii) V >_10 in/sec' (0.25 m/sec) . 

If the', needle mass is changed, the most important 

effect upon equation(114)is the change in'the frequency 

term T. For a needle of mass, r1, the frequency n, is 

defined by the equation 

Dcotan 9 
tYlý 

0" (115), 

if n, is changed to be equivalent to a. 

value PI, then 
.1 

I ýý 
112 = hý 

J! 
, 

� 
ýt " (II6)) 

and the reaction force R is defined by tha following 

equation _. 

. 
ý. ý 

(far 
needle 

R' KCýý1 ý` ý ,/l mass r12 
). 

a'ý o (11.7). 

- 
$I r18 +-- P2 C05 ® 

From equation (117) 
, if 112 is larger than m, , then Rmo, increases;. 

if- rig is smaller -than mr- ,, then RaX decreases. 

Two special needles of differing masses were prepared, 

(Fin 14.19) r. one needle with a, small piece of metal fixed to 

the needle head ' and . the other with cut-outs-at the back. ý ThG 

masses of the needles were 4. -36, g" and 0.43 g'respectively. 

Apart from these changes in the needle mass-, they were identical 

to a standard 0.443 mm needle, which had a mass. of 0.67 g.. 

Using equation (117)j, theoretical graphs of RMaK 
. against machine 

speed were plotted using the following parameters. 



I. " 

( i) 9 LIF 49°, 
" 

n-0.43 
Cam-cylinder 
clearance= 0.15 mr 

j, K ;_4,450 
lbf/inch (794 9/cm) 

iG=9.1 x 10-4 in. (23.1 x 10 -4 c1n) 

0.08 
D=2,920 lbf/inch (519 kgf/, cm) 

,r= 32,050 rads/sec. 

R,, mx = ö. 1723v - 5.05 
( ii) 9 -- 49, ° 

M =, 1.36 gý 
Cam-cylinder 
clearance = 0.15 mm 

K=4,450 lbf/inch (794 kgf. /, cm) 
= 9.1 x 104 in. (23.1 x 10-4cm) 

= 0.1 

= 0.08 ý=2,910 
lbf/inch (519 kgf/cm) 

11 = 18,000 rads/sec 
_ 

R,,,,,. = 0-309\1- 5.05 

". The theoretical plots for both needles are shown on 

the graph in Fig 11.. 20. 

Experiments were carried out to measure the impact: 

force against machine speed. for each of the needles.. 

Initially, the high-mass needle was fitted in a cleaned 

trick, and the experiment was carried out Vollowing the 

procedure detailed' in section 
. 
14.2. The, needle was then.. 

removed from 
_ 
the 

. 
trick and. the experiment repeated with 

a standard 0.67 g needle. Finally, the low-mass needle was 

tested. Fig, 14.21 shows a typical pair of traces obtained 

during the experiments. Diagram 
.1 

shows the impact for 

the 1.36 g needle at 116 ft/min (0.59 m/sec) and Diagram II 

the impact for the standard 0.67-g needle at , 
116 ft/min 

The experimental results for the 1 . 36 and 0.43 g needle are 
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superimposed. upon the theoretical results. in Fig 14.20, and 

Fig 14.22. shows the horizontal components of impact obtained 

from the' experiment. 

The'results show that the mass, of the needle has a 

large effect upon the stitch-cam impact. Further discussion 

concerning the effect of needle mass is"contained in chapter 

18. 

14.5.4 Effect of Increasing the Cam-Colin derma 

Clearance. 

From-the theoretical analysis, equation(104)derived 

in 'section 1Li.. 4.2 had the form :. - 

hv 
-- KGI 

Rmag _-ý>n sýn ý vn 
. (118ý 

(sinG-i- rzcose) 

where h 
K (cos 0 -c<p, N2ý -- sin e(pz + «p) 

)coLon ß 
. i, ý�ý 

roc sine + rcoso) 
- ýii1J . 

0 

and 

All the, terms in the above equation were previously 

defined in Fig 12.2 

When the can-cylinder clearance is changed, the most 

important parameters affected are 
K 

and '. If the cam- 

cylinder. clearanue is, changed by only a small amount, then K 

and oc change: very little and the impact. force. vrill be little 

different. This conclusion was c'onf firmed. by an experiment. 

Fig 11+. 23., shows the impact, force with a cam-cylinder, 

clearance of 0.15 mm superimposed over results obtained with 



a cam-cylinder clearance of 0.38 mm, from which it can be 

seen that there was little difference between them. 

i 'Detailed experimentation to d: termine the effect of 

increasing the cam-cylinder clearance by a large amount 

was not undertaken. However, observation of equations((I$) and 

(lid) shows that as both the clearance and e< become larger, then, 

rapidly becomes smaller due to the term :- 
I 

cos e (i- c'(Ni}'Z) - Sin8ýý1z+ýýýý. 

Äsýfl becomes smaller, R., increases, and when 

C'<Y, = Sit10 (ra 4 oc Ji), 
R, 

nax 
is theoretically infinite. 

14-6 Measurements of Needle Bounce down the Stitch-Cam. 

. klternately-30°, 60° and 45° cams were fitted to 

the impact transd, ucer, which was positioned each time so 

that the cam was only 0.1,5 mm from the cylinder, * Before 

each set of results was. taken, the bounce transducer was 

switched on for a short warming-up period, and the machine was. 
6 

very lightly oiled. 

Four typical results for the 45° cam are shown in 

Fig 14.24, and Fig 14.25 is a graph of the time interval. 

between primary and secondary impacts, and the total time 

involved in bouncing for a range of machine speeds. 

During the experiments, the following conclusions 

were reached. :- 
(i) When the needle was very free in the trick 

bouncing started earlier, there were more losces of contact, 

and bounce extended further down the cam. 

(ii) As-machine speed was increased, the tendency 

for loss: of contact, and the number of bounces, increased. 

Further discussion concerning the bounce process. 
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is contained in chapter 18, together with a summary of 

results 
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Effect of the Yarn-Loop around the 

Needle Shanic 

Parameters 

Cam-cylinder clearance = 0.15 mm (0.006 in. )' 

Take-down tension 13.6 gf/needle 

Spe& for both traces = 391: ft/min (2 m/sec 

Scales 

Horizontal Impact = 69.4 gf/mm. 

Vertical Impact = 76.5 gf/mml 

Time = 0.2 x 10-3 secs/8.5 mm 

49 ° Cam 

I 

Parameters for the traces 

shown. in Fig 14.4(b) 

ý 

Fig 14.4(a)\ 
3 
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Vertical ia, )act 

Horizontal 
irapa ct 

0 

DIAGRAM I 

Yarn around Shank 

Lý 
0 

ýJoIlncý 

r- 

5c33U ý': 

Cy. l-ýO27LxCt 

D Ik 

Effect of the Yarn-Loop uround 
the Needle Shank Fig 14.. 4(b) 
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HORIXONTAt- COMPOfkE: NTnF IMPACT (TNt-ne y AN77 EXPERIMENT> 



Effect of Machine Speed 

upon Impact Force 

Parameters 

0.443 mm standard needle 

very little oil added 

"49° Cam 

Cam-cylinder clearance 

Diagram I speed 

Horizontal Cam-force 

Vertical Cam-force 

Time 

Diagram II speed. 

Horizontal Cam-force 

Vertical Cam-force 

Time 

Diagram III speed 

Horizontal Cam-force 

Vertical Cam-force 

Time 

=O A5 mm 

_ 46.6, ft/min 

= 27.8 gf/mm 

= 67.4 gf/nn 

0.5 x 1.0-3 secs/8.5::, mm 

= 204 ft/min 

= 69.5 gf/mm 

= 67.4 Sf/mm 

= 0.2 x 1,0-3 secs/8.. 5 mm 

= 256 ft/min 

= 69.5 gf/mm. 

= 67 .4 gf/mm 

0.2 x 10-3 secs/8.5 mm 

The results shown: -,, in Fig 14«11 (b) were not obtained for the 

same needle trick arrangement used for the graphical results in 

Fig 14.7" 

Parameters for the traces 

shown in Big 14.11 (b) 

Fig 14.11(x) 



1) IA s'1_'t 
.i Speed = 46.6 Pt/min 

DIAGRAM II 

ti 
Vertical 

impact 

i: orizontul i :,: , !. 

T 
ý i.. ('r' 

r 

. - 

1 

DItýGRaM III 

i= ýý 56 t't/ru i rt 

Vertical 

iiorizontal 
im' act 

Effect of Machine Speed upon 

Impact Force Fig 14.11 (b) 
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Vertical 
impact 

Horizontal impact 

Contact 
Contact 

Machine Speed = c) 

490 Cam 

Cam-cylinder clearance = 0.15 mm (0.006 in. ) 

Tine = 0.5 X 10 
3 

secs/div (1 ,i iv = c' .5 inm) 
Horizontal impact = 6`; 4.4 9f11 min 

Vertical impact = 70. E gf/1 mm 

11! ý8 Kf 

U 

of bý_, anýýe. - 

1 ',. i0 ý ., 
ý 

STITCH-CAM IMPACT Fig 14-12 
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f 

Stitch-Cam Impact Crimped 0.. 406 mm Needle 

Parameters 

Cam-cylinder clearance =-0-15 mm (0.006 in. ) 

Time = 0.2 x 1,0-3 Secs/div 
(1 div=8.5mm)` 

Scales 

Horizontal Impact 

Vertical Impact 

Diagram I Speed 

Diagram II Speed. 

49 °" Cam 

Parameters for traces 

shown in Fig 14.13(h) 

0 

= 69.4 gf/1 mm 

76.5 gf/1 mm 

= 157.5 ft/min. (0.8 m/min; 

= 273 ft/min (1.38 m/, min) 

Fr'iv 14"13(0 
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Effect of Trick Resistance to 

Needle Motion 

Parameters 

Cam-cylinder clearance 

Scales 

Horizontal Impact 

Vertical Impact 

Diagram I- speed 
xFt'�-tx -. . 

Diagram IT - speed 

Diagram III- speed 

1490 Cam 

Needle type - 0.443 mm. see Fig 3.2 

Parameter for traces. 

shown in Fig 14.16. (b); 

= 0.15 mm (0.006 in . )i 

=2 78 gf/mm 

= 306 gf/mm 

= 200 ft/min (I m/sec)` 

A, ft/min: (0.02"'m/, sec); 

359 ft/min (1;. 82 m/sec) 

Fig 14.16(aý 

I 
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359 ft/min 

;f f'cct oaf' Trick 

Resistance to Needle Fig 14-16(b) 
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Cam-cylinder clearance = 0.15 mm (0.006 in. ) 

Horizontal Cam-force = 69.4 gf/mm 

Vertical Cam-force = 76.5 9f/mm 

Diagram II Machine Speed. = 116 ft/min (0.59 m/sec) 

Needle mass = 0.67 g (standard) 

Effect of Mass upon Impact 

f 

Parameters 

Scales 

Diagram I Machine speed = 116 ft/min (0.59 m/sec) 
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Needle Mass =-1.36 g 

4+9° Cam 
Needle type - O. 14t3 mm see Fig 3.2 

Parameter for traces 

shown in Fig 14.21 (b) 

Fig 14 . 21 
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GUARD-CAM IMPACT INSTRUMENTATION 

15.1 Introduction to Guard Cam Impact. 

As the needle travels round the stitch-cam and the 

guard-cam as shown in Fig 15.1. there are two regions of 

major impact, i. ee at initial contact with the stitch-cam 

and also when the needle hits the guard-cam, The stitch- 

cam impact experiments, detailed in chapter 1L., produced some 

evidence that stitch-cam impact was not responsible for 

needle-hook damage. More 
. 
comprehensive work on needle 

damage is carried oat in chapter 19; however, a brief 

summary of the evidence and the reasons for measuring guard- 

cam impact: is presented below. 

A5,1-1 Importance of Guard Cam Impact. 

When two bodies collide, a portion of the original 

kinetic energy is converted into strain-energy within 

the impacting bodies. Subsequently, 
. some fraction of the 

strain energy is reconverted into the kinetic energy 

of the colliding bodies.. The remainder of the energy is 

trapped within the_ 
, 
impacting bodies as waves, or dissipated 

as energy of plastic deformation,. 

One of the most, important parameters controlling 

the proportion of energy trapped by the vibrational modes, 

of the. impacting bodies is the, ratio ;- 

4_ 
`ýFý ý 

Eý 
duration of the impact period 
period of the fundamental 
frequency of the bodies 

\As the ratio becomes smaller, the energy trapped 

becomes larger. 
ý.: ýr%. In the experiments detailed in chapter 1L., the 

Arl. 



minimum pulse duration was approximately 002 x 103 seconds 

and the traverse time for a wave to travel up and down 

the needle is approximately 17 x 10-6 seconds. The ratio 

is relativelj large, and it is unlikely that much of the strain 

energy would be trapped in the needle longitudinal vibration 

modes. 

. Petrow's33,34,35936,37 analysis directly relates needle 

damage to the longitudinal wave process. It is. probable that 

the stitch-cam impact would not have a sufficiently high 

frequency to generate waves. However, the pulse time is 

controlled by the butt flexibility, and the butt is much 

stiffer when vertically loaded, as with guard-cam impact, than 

when horizontally loaded, as with stitch-cam impact. It was 

considered that more energy would be trapped as waves, when 

following the guard-cam impact, because the duration of 

loading would be a. much shorter interval of time. 

During the experiments detailed in chapter ]4 '; a large 

number of tests were carried out under very adverse conditions, 

i. 

i, e. the needle running at 300 ft/min against 600 cams. 

Although a considerable number of needle butts were broken,, 

no heads were broken. 

15,2 Theoretical Analysis of Guard-Cam Impact. 

The theoretical analysis, based upon laws of conservation 

of momentum and energy, can provide information on: the nett 

change in velocity of the needle, i. e. the nett impulse p and 

the energy exchange processes accompanying the impact. however, 

the method is incapable of describing the transient stresses,, 

forees, or deformations produced.. Nevertheless, the 

mathematical simplicity of the method renders it a valuable 

tool even if providing restricted information. 

Namenaiature is contained in Fig 15.2, and Fig 15.3 is 



a diagram illustrating some of the important parameters. 

From diagram II9 Fig 15.3, the following equation can be 

derived 

d- (6 +Y) -X, ß, ß I (iao). 

From diagram Ip Fig 15.3, the forces on the needle after 

it has left contact with thz stitch-taro can be representecl. 
i 

in the form 
ý 

./ 

ý2y =- F': 
ý... 021 21 =-= !, 

dt m 
dy .r- Ft ý 
TL (1 ,4A0"(; 22)) 

/ Ii 
2m 

In equation((21), 
(122) 

s. and (123),. the viscous friction' 

term was ignored to 'simplify the analysis. The'effect of the 

oil upon the impact forces is examined in some detail in: 

section 16.8. 

From equation (120) : 

ý. -(Y+61, ý vTEaný """ (12ý-ý, 
k. herejore Y= --vT racº ß+ä, -- 6". (125). 

Substituting equation(125)for *j in equation(I23) giveo" 

YTEan + (d. - 6) - vTEon V F, T2 
2m 

which simplifies to 

.-., -2 - zc+ty (fan. Ü+ Can gýT -4- 2m (ä-6) 
-- F F: 

. 
If we define 

L= 2"' (t: ct 9+ Ean 

-and M- 2m (d. -- b), 

C ý. Atý. B"" (123). 

F. F. 
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ý then 

1 
11 

Lv ý Jhviz-4M 
2 . (127ý 

ý 

As machine speed increases, the time T, must become 

smaller, and this is only possible with the solution :- 

I 

T-Lv 
Z 

At the point of leaving the. stitch-cam 

x=0) ancl. 
dy=vtan(X). 

dt 
Therefore: 

F, tz ((2q) 

and dý 
_ 

(v tatt ýý -" ---"` "" (ý30) 
" 

When the needle leaves the stitch-cam, the deceleration 

is controlled by the needle mass, m and trick resistance to 

needle motion, F 
. The tine taken for the needle vertical 

motion to reduce to zero,., also depends upon the vertical. 

velocity at the instant when the needle leaves the stitch-cam. 

Obviously, there is less" chance of serious stitch-cam impact 

if m and v are both small, and, F, is large. The highest 

impact magnitudes would be generated if, M, and, V tivere both 

large, and, F, small. An interesting conclusion is. that 

whereas the trick resistance, F) increases-the stitch-cam 

impact, it reduces guard-cam impact.. 

At guard cam impact 
. 

t 

; vT " ''' ýý 3 ýýý 
r -. -9 

and-. * Y-- vT ran g-- 

2m 
04( i3 Z). 

/ z', L: ý. ý+t. '. ý: 
iýiä: 3ý o%ilcat. 'ýioi 

Ö149ýÜCt 
o 

*# 

. ý.; equution(131), 



gives :- 

An examination of this. function shows that the impact 

point with the stitch cam varies according to the machine 

speed V, and- this is. - ahownn more fully in Pig 15.4. 
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Fig 15.5 is a diagram showing the forces at the 

instant of guard cam impact. The frictional force component, 

being small in comparison to the reaction-force, is neglected. 

in this initial approximation. 
II 

From Fig 15.5, Uo is related to U4 by the expression: - 
üo = -- e 6'. " (r4). 

Where e lathe coefficient of resitution. 

The factor e may vary between zero and unity, and is 

the ratio of the relative velocity of separation to the - 

relative velocity of approach. Irn the classical theory of 

impact, a coefficient of resitution of unity means an elastic 

impact with no loss of kinetic energy, and a coefficient of 

restitution of zero means an inelastic or plastic impact where 

the kinetic-energy loss is a maximum. 

From Fig 15.5, the following equations relating the 

impulse and momentum can be derived : - 

t=T+QT 

'T rf, \ i ry: K(r)ac Ill, Ut `it eý " "' ýi351ý 
E=T 

ll 
there 

Ir-om FiG 15.5 üý (}: ý'"t"(Y? 2 cos (7i ~ (ß+ tonl(XI1 (136). 

An examination of equation (IZ8), (129),, (130), and (135) 
, si, ows 

that the worst case, of impact occurs when ; - 
(i) (a 6)= is small,. 
(ii) F= is small, 



and: (ii),, C is. equal to +tt. 

Under these circumstances 

Uj _ ta: ti28 + 

which reduces: to :- 

then, 

1 
ýý 

C s 
(n1z 

- ý8 + ßýý " ((3ý)ý 

vsec 8 cos (7`/z -k8, +, A7) 6 (137), 

rýY sQc ýQ5 
Equation ýI B) was: evaluated under the conditions. : - 

Pl 0.67 gr . 
50 

' and ß=8 °' 
..; - 

the resulting graph is_, shown in Fig 15.6. An approx- 

imation. based. upon early measurements detailed in. chapter fib. 

was made to' the pulse. shape,, as shown. in, Fig 1,. 5.6, and the 
T+dT 

term 

R(E) dt ) 
L=T was evaluated. 

The variation of RR, with machine speed is also 

shown on. Fig 1i5;. 6. The force Rmax variee linearly with 

machine speed but, in practice, it is unlikely thate , 

the coefficient of restitution, is conga nt and' the experimen- 

tal- graph of max impact force may b far from, linear. 

15.2.1 Conclusions: to Theoretical A. naIysis. 

From equation: (Q35), the needle mass evidently has . 
large effect upon the impact iuagnitude. When the trick 

resistance to needle motion is: low,. the reduction. of impact; 

is in the same ratio as: the mass.. When the trick assistance 

is increasedp the effect of the change in. mass ia. mare' 

pronounced, because it na. t only decreases the iml: a ct magnitude 
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but it also increases'the needle deceleration when it leaves 

the stitch-cam. 

High'values of the trick resistance to needle motion 

has the advantage that it increases the deceleration after 

the'needle'leaves the stitch-cam, and therefore it reduces 

the'. needle vertical velocity component at impact with the 

guard -camp 

Butt modifications that increase the flexibility of 

the' butt in the direction of guard-cam impact may increase 

the pulse time and decrease the force magnitude. The effect 

of /butt modifications is detailed in section 16.7. 

On Fig 15 x+ it is" shown that, when the butt leaves. 

the stitch-cam, the needles follow different paths depending- 

upon the trick-resistance to motion. Obviously: close 

clearance cam-tracks would have the distinct advantage that, 

the needle would be controlled from one cam to the other, 

and irregularity in'loop formation should be much less.. 

15.3 Measurements of Guard-Cam Impact Using the Stitch- 

Cam Impact Beam. 

The analysis detailed in section 15.2 did not provide 

any information on the shape of the pulse, or on the length 

of time the impact' force is applied. It was necessary to 

measure the guard-cam impact before an instrument could be 

designed, because without any knowledge of the pulse shape 

it would be very difficult to decide on the natural. frequency 

and strain sensitivity of a guard-cam impact measuring device. 

Initially, measurements of the impact were carried out using 

the stitch-cam impact apparatus, and measurement of the force 

application time was made using the bounce detector. 

Fig 15.7, sh=s. a, special attachment, for use with the 

stitch-cam impact transducer, which is essentially a. rotatable 
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I 

stitch cam for simulating varying angles. The cam, fitted 

to the end of the. transducer beam, simulated a guard cam,. 

and three cams were produced each with different angles. 

The spacerr, under the transducer were arranged so that, whew-- 

the unit was clamped to the knitting machine, the needle 

initially hit the stitch-cam attachment, moved down, and then 

hit the guard-cam, as illustrated in Fig 15.8. The spacers 

were chosen so that needle impact with the guard-cam occurred 

when the underside. of the hook. was 1 .7 mm below the level 

of the verge top;,. this simulated the same stitch-draw that 

was used for the majority of experiments detailed in chapter 8. 

The method. of carrying out measurements, and the 

calibration procedure, was very similar to that used for 

stitch-cam impact measurements. Backing needles without butts. 

were placed on each side of a standard needle, and the lead-in 

and raioing cams. shown. on; dig 14.. 1t. were used for the guard 

cam impact measurements. Further details concerning the 

measuring method was given in section 114.2. 

Impact measurements 'were carried out using a 0.443 mm 

standard needle fitted in a: cleaned trick. The machine was 

lightly oiled, and the circuitry and the bounce detector 

were switched on and allowed to, warm up. Before traces were 

taken, the. machine was run for some time at the normal operating 

speed. 

Traces were obtained for a range of speeds, and a- 

typical sample is- shoitm in Fig 15"9" The bounce traces: 

revealed, that, the cam-needle contact time was approximately 
-6 equal to 95 x , 10 seconds and. it did not change very much as 

the machine speed was altered. The traces obtained from the 

impact transducer shored a large amount of natural frequency 
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oscillation after the initial impact, and it was obvious 

that the impact transducer was incapable of accurately 

displaying the input pulse shape without severe'distortiorr, 

due to the beam natural frequency being far too low to 

measure the high fequency impact. 

From the measurements, it was concluded that the 

guard-cam impact pulse was of a considerably higher frequency 

than'the stitch-cam impact and that a suitable measurement 

systcm would have to have a natural frequency considerably 

higher than the frequency of the existing impact transducer 

shown: in Fig 15-7- 

15-4 Design of a Guard-Cam Impact Instrument. 

The measurements detailed in section 15.. 3 shewed that 

the impact duration was approximately 100 x 10-6 seconds. 

If the pulse shape was a pure sine-wave then the pulse 

frequency would be approximately 5000 Hs and, using the 

analysis detailed inn section 11,. 3, the measuring system 

should have a natural frequency above 30,000 He-. However, 

it was very unlikely that the impact pulse would be sinusoidal, 

and there would undoubtably be higher frequency components 

than 5006.. He.. It was concluded that the fundamental natural 

frequency of the measuring instrument should be. 100,000 He 

ideally, if it was to record the guard-cam impact accurately.. 

Such a high natural frequency was completely beyond 

the capabilities of a practical transversely excited system, 

and the only possible practical device that could be used 

was one excited longitudinally. The fundamental natural 

frequency of a beam, in longitudinal excitation, is given 

by 

ýrC 
Z{'''° ((39} 
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where C longitudinal wave speed, 

and, = beam length. 

For hardened steel, the wave speed is approximately 20,000 

ft/sec (509 m/sec). If the beam length is-one inch, then- a 

fundamental frequency of 120,000 Hz can be achieved. For 

longitudinal excitation, the natural frequency does. not 

greatly effect the strain sensitivity, because the beam, 

dimensions can be varied, within limiter, without changing the 

fundamental frequency. However, the beam section must be 

carefully chosen; if the section is very small, the response 

to bending : ay be so large as to overwhelm the longitudinal 

signal. Additionally, if the beam end is used as the guard 

cam surface, then obviously, if the section is too small, under 

particular circumstances the needle could entirely miss the 

beam end. There were also difficulties if the section was too 

large, because the strain sensitivity of a longitudinally 

excited beam is much less than a transversely excited. beam, 

unless. the cross-sectional dimensions are very small. 

A suitable compromise was made, and a beam of dimensions 

0.1 in. (2.5 mm) square by 0.8 in. '. ( 20 .3 mr) long vaß 

manufactured out of a typical cam material, K200 steel, 

with a RockL e11 hardness. number of 60. The beam surface 

vas polished smooth and this removed the risk of wave 

reflections at small discontinuities on the surface. Two 

strain-gauges were bonded to the Side of the beam and arranged 

so that the bendL. ng response was cancelled out. With a. 

0.1 in. square beam, the strain sensitivity is approximately 

I x: 10 strain per 200 gf, and this is adequate for high 

load measurements. A supporting structure was fitted at the 

top of the beam, and this restricted the transverse motion of 

the beam and therefore reduced the bending response further. 
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A-diagram showing the positioning of the strain gauges and 

the design of 'the beam is given in Fig 15.10, and Fig 15.11 

is a diagram showing the operational arrangement of the 

instrument on the knitting machine. 

The experimental method used with the longitudinal' 

impact instrument was the same as that detailed in section: 

14.2 using' the stitch-cam impact transducer. Initially,, a 

bench calibration was carried out and frequent spot checks; 

were made on the machine during the experiments. The procedure 

for carrying out calibration tests on the machine was 

complicated by the fact that, in normal operation, the beam 

was inclined by a small amount to simulate the guard-cam, 

angle. Before vertical calibration on the machine could be 

carried out, the instrument had to be tilted slightly 'so 

tttat:. thefbeam was vertical, and then the apparatus shown in. 

Fig 4.10 could be used for calibration. 

15.4.1 Electrical Circuitry. 

Whereas there were eight strain-gauges bonded to 

L 

the beams of the stitch-cam impact transducer and cam-force- 

transducer mark III, there were only two gauges fitted to 

the beam of the longitudinal impact transducer. However, 

there were no basic changes in the circuitry. The two gaugeo 

were connected into'a Wheatstone bridge circuit as shown in 

Fig 15.10 (a. ) and then connected to one of the amplifiers 

f shown in Fig 4.5. The output * from the amplifier was then 

passed to the Tei: tronix 'storage oscilloscope. The filter 

circuits, shown in Pig 5.5, were specifically designed for 

use with-the cam-force transducer mark III' and hence were 
disconnected from the circuitry when the longitudinal impact 

apparatus was used. 



15.5 Initial Measurements. - c 

A O. Li43 mm standard needle was placed in a thorougi1y 

cleaned trick and backing needles having no butts were 

. placed: each side of it.. - Initially, a few tests were carried 

out at various, speeds and a. typical trace is. shown. ' in 

Fig 15.12, this trace clearly shows that, at the instant - of 

impact, there is-a rapid increase in the force level 

occupying only 5 to 10 x 10-6 seconds, and then there is a. 

slower reduction of the force occupying approximately 

9O, x 10 -6 seconds. The, essential shape. of the pulse changed 

very little over a large number of-tests, although the 

magnitude changed -considerably as the machine speed was 

increased; this is discussed in more detail in 'section 16.3. 

There was one serious disadvantage with the longitudinal 

impact instrument, in that, during the initial, experimentation,, 

it becan a apparent tha the instrument was very prone to 

damage at high speed. The beam had to be spaced, very close 

to-the cylinder to simulate the normal machine cam-cylinder 

clearance, and, at high speed, a needlc had only to protrude 

slightly from the cylinder for it to hit the beam, which, 

being thin and relatively brittle, tended to break rather 

than either force the needle back in its trick, or alternatively 

break the needle. Needi2 es, protruding from-. tricks are rare,, 

but over. a wide range of experiments, where marry different 

machine parameters were -being varied, it did, occur occasionally. 

Although extensive. measures to reduce -the risk of a needle 

hitting the instrument were. carried out, and these are shown 
in Fig 15-11. o the device was still far more prone to damage 

than the transverse beam instrument. During the experiments 
detailed in. chapter 16, three longitudinal beam devices had 

to be manufactured and strain-gauged. 
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Due to the increased risk of damage, it was decided 

to re-examine the output from the stitch-cam impact 

transducer fitted with the special attachment shown in 

Fig 15.8. If a suitable correction =could be discovered to 

relate the output from the instrument to the output from 

the longitudinal impact transducer, then the stitch-cam 

impact transducer could be used for the bulk.. of the 

experimental work. A suitable correction was discovered and 

this is detailed in the next sub-section. The procedure 

adopted during the majority of the experiments. detailed in 

chapter 16 was for the stitch-cam impact transducer to be 

used for the majority of experimental measurements where 

force magnitudes were being examined, and for frequent spot 

checks to be carried out using the longitudinal impact 

transducer; this was to check the magnitude measured by the 

other iiistrunrent, 
: and also to obtain a qualitative picture of 

the impact, showing pulse shape as well as magnitude. 

15.5.1 Correction to the Output from the Stitch-Can 

Impact Transducer to Enable it to be used for 

Guard-Cam Impact Measurements, 

The guard-cans impact pulse differed from a pure 

sinusoidal pulse in that it containeü. higher frequency 

components and the shape more closely resembled a triangular 

pulse as shown in Fig, 15.13. However, initially, it was. 

decided to calculate the beam response to a. pulse of 

sinusoidal form and of periodicity given by the periud of 

the actual pulse measured by the 
, 
longitudinal instrument. 

The analysis was carried out using, the expression derived in 

section 11.3 for a simple spring mass system. The final 

expression had the form :- 
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Fjý 5111 Wt - 
rlL, 

3n) 51f1 (. Jj 

i- (Ci 1` 
where F. = peak impulse force amplitude, 

beam stiffness,. 
CJ = pulse frequency, 

and CO. = beam natural frequency. 

. ((4o) 

The beam response was evaluated for a pulse of 

frequency 5000, H5,. which is an impact duration of 

approximately 100 x 106 seconds. The beam natural frequency 

was measured as 11,500 Ha; this was lower than the natural 

frequency when stitch-cam. impact measurements were-carried. 

out, and it's decrease must'have been due to the slightly 

heavier guard cams fitted to the end of the beam. The 

response of the beam to the pulse of frequency 5,000 iia, is 

illustrated in Fig 15-14- 

From equation (140), the following relationship can be 

derived :- 
ý 

ro y -pc Jrwx \ ýr pia ý)ý 
where 0< = the maximum value of the expression: - 

Sin 6), t i (sin 
cit -- 41n) 

ý- (%Wýý2 
From Fig 15.5 of was measured, and for the particular pulse 

frequency 5000'Ha it equalled 1.6. 

After the termination of the pulse, residual beam 

vibration continues.. The ratio of the amplitude of the 

maximum natural frequency oscillation after the termination. 

of the pulse, to the maximum response during the pulse, can 

i 



be evaluated from equation (140) ; this : ratio was determined 

as 0.3tß. 

,' From equation (141) I 

!Ih jmdx the load to pr: duce a static deflection. 

of LOX 
,, it is therefore directly 

related to the result obatined from a. 

static calibration, 

and therefore 1.6 Fo = ýtu (static calibration); 
(143) 

JMaX 
Experiments were carried out firstly with the 

longitudinal transducer fitted, and secondly with the stitch- 

cam impact transducer fitted and: -tested at the same speed. 

The impact magnitude, measured on the longitudinal instrument, 

agreed with the result obtained from the stitch-cam impact 

transducer, when corrected by using equation(143) , An example 

demonstrating this agreement is illustrated in Fig 15.15. 

(" 

0 

r' 
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Y= distance (vertically) from a point on the but when 
the needle is just about to leave cam contact, to 

'the same point when the butt impacts the guard-cam. 
(see Fig 15.3). 

X= as above, but distance measured horizontally. 

F= total resistance to needle motion including trick 
resitance to motion and the yarn forces. 

(ý1 = needle-mass... 

= cam-angle at the point where the needle loses cam 
contact. 

V= machine cylinder circumferential speed. 

IT = time taken for the needle to contact the guard cam 
from a datum taken. -as zero at the instant the butt 
leaves the stitch-cam. 

x horizontal displacement.. co-ordinates 
vertical displacement. defined on Fig 15«3 

dx 
= horizontal needle velocity (=V ). 

äy 
vertical needle velocity. 

2 ät dý2 
horizontal needle acceleration. 

CL 
vertical needle acceleration.. 

guard-cam angle. 

ci _ vertical distance from the point on 'the stitch-cam 
where the needle just loses contact with the guard- 
cam surface. 

horizontal needle velocity at instant of impact with 
guard-cam. 

I 
vertical needle velocity at instant of impact with 
guard-cam. 

R() _ impact force magnitude expressed as, a function of time. 

1= impulse (lbf sec) at instant of contact with guard-cam. 

UZ = velocity component just prior to impact resolved in 
the direction of the force. 

I Ua as above, -just folic-wing impact. 

8= stitch-cam angle. 

= coefficient of restitution. 

At pulse duration. 

6= butt Width-. - 

Nomenw7. ature used in Guard-Cam Impact Analysis 

Pig 15.2 



332 

cleßines Ehe 
eosIEIon o'n Uhe 
sti66 -cam Where 
the iivtt lirst 

loses Cam COnbOCýj 

N 

GUA., D CAM IMPACT 

FG 15; 3. 



333 

Aber he nQedle. ires o4i ýhe Stikch- cam khe hori3ontnl 

diSEance coYerecl Ihe needle 6+re il conFQcts the 

uard. - cam is depined 61 k6t e9u. ation Wow. - gý 
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CHAPTER 16 

GUARD-CAM IMPACT EXPER IMENTATI ON 

Y6: ß . 
Introduction. 

The objectives of the experiments, detailed in this 

chapter were, firstly, to determine the effect of various. 

parameters upon the gu. arä: t cam impact and, seuond. lyr to 

compare the experimental results detailed in this chapter 

. with the theory derived in chapter 15. Although the nature' 

of the experiment influenced the measurement procedure, the 

basic methods of using and, calibrating the impact device, 

and of setting the oscilloscope trigger were identical to 

that used for the stitch-cam impact device detailed in. 

section 1412.. 

A summary of the results detailed in chapters. 1lß,. 
a 

and 17 is contained in chapter 18, and discussions 

'concerning the relevance of the results, to the design of 

needles, tricks, and-cams are contained in chapters 23 and 24.. 

. "j 
6.2 Effect of the Stiffness of the Supporting Structure 

upon tho Impact. 

Fig 16.1 shows the machine frame and the position 

of the impact measuringfransducer. It was important to 

, 
determine the effect of the support stiffness upon the impact. 

because, at positions directly above the columns shown In 

Fig 16-1.9 the support-was much stiffer than in the mid-span 

between columns. If the impact pulse shape and magnitude 

is at all influenced by the stiffness.,, then the impact 

magnitude and duration would vary considerably,,, depending 

upon the position; of the cams on the cylinder circumference. 

A dangerous situation could exist at one particular position 
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where high magnitude impacts are produced. 

A standard 0.443 mm needle was inserted in a. 

cleaned trick, and backing needles without butts were 

placed each side of it. Experimental traces of the impact 

magnitude were obtained at varying machine speeds.. 'edges 

were . then forced underneath the supporting structure at 

the position where the transducer was fitted., and-another- 

set of impact traces was obtained. The method of 

stiffening the-structure underneath the impact transducer 

is shown in more detail in Fig 16.1. The two s etsý of 

impact resultsi are compared in Fig 1 6.2,, and it, can be 

clearly seen that the results are little different. 

From the, exper1mcntal results it is obvious that 

the stiffness of the supporting structure had a. comparatively. 

small effect upon the impact magnitude. It is likely that 

the major factors that control the shape and magnitude of 

the pulse are butt flexibility, and trick resistance to needle 

motion, as is later examined in the experiments detailed. in 

this chapter.. 

i 6.3 Effect of the Yarn-Tension and Machine Sreed upon 

the Impact. 

During the knitting process, guard-cam impact occurs 

during the loop formation stage. The yarn, which at the 

-instant of impact is being drowns into a loop, exerts a 

force upon the needle' and this force can be relatively 

large compared to the trick resistance to needle mo. tion and: 

other forces involved in the impact, It was; thought highly 

probable that variation of the loop drawing tension would 

have some effect upon the impact magnitude. However, the 

design of the impact instruments, and the measurement 

requirements, were such that the normal knitting process. 
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could not be 
, carried out (see section 14-2). It was 

important to duplicate, in some way, the effect of the 

loop drawing tension, so that its effect upon the impact 

could be determined. A device which simulated the yarn 

tension. variation was built and the essential details 

concerning the device are given below. 

16.3.1 Design of a Yarn Tension Simulator. 

Fig 16.3 Diagram I illustrates the essential 

construction of the apparatus, comprising a tension spring, 

a series of guides to duplicate the verge top,. and a clamp. 

Diagram Il, of Fig 1'G. 3, shows the experimentally 

determined loop drawing force as analysed. and detailed in 

section 9.6. The approximate position of the impact during. 

the loop formation zone is shown by the cross in Diagram: II 

of Fig 16.3, and the force exerted upon the needle by the 

yarn tension simulator is shown superimposed: upon the 

experimental plot in Diagram II. Some features making 

the device particularly suitable for yarn tension simulation 

are summarised below 

The force imposed upon the. needle by the yarn, 

at the instant of impact, was easily adjustable.. 

(ii) The yarn used with the simulator was the same 

as that used throughout the experiments detailedi in chapter 8. 

(iii. ) Yarn motion around the needle at the instant 

of impact was, -4n the same direction, as the yarn motion. during 

the knitting process. This. is further illustrated in diagram. 

II of rig 16-3- 

16-3.2 Calibration of the Yarn Tension Simulator. 

A, needle was hooked into the yarn on the tension: 

simulator, and a yarn loop was then tied: around the butt of 
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the needle as shown in Fig 16.4. : then this yarn was 

pulled, the needle moved down and extended the loop held 

in the hook. The force required to pull the needle down 

against the resistance offered by the simulator was 

measured by means: of a. Rothschild d. ta100 gf head' placed on 

yarn tied to the butt. The signal from the measuring head 

was passed to the Rothschild amplifier and then displayed, 

on the Tektronix oscilloscope. 

The force exerted upon the needle, by the yarn 

around the hook and connected to the spring and clamp of- 

the simulator, was measured an 80 gf per 0.125 in. downward 

movement of the needle.. 

16.3.3 Method of Carrying out Measurements using 

the Yarn Tension Simulator. 

The- tension exerted upon the needle, at the instant 

of guard-cam impact, could be pi"eset. ' by controlling the 

amount of yarn between the spring and the clamp.. For example, 

if a loiv tension was required at the instant of impact,. 

then enough yarn would be present between the spring and clamp, 

to ensure that the position of the needle,, a4- zero tension, 

was a small prescribed distance above the position of impact 

on the guard cam. Therefore, the extension of the loop around' 

the hook at. impact was small, and consequently the yarn 

force on the needle was also small. 

The yarn tension simulator was bolted to the inside 

of the cylinder. L 0.443 mm needle was fitted in a thoroughly 

cleaned trick and the head was hooked into the yarn on the 

simulator. The device was then'set to produce a particular 

force at guard-cam impact. Fig 16.5 illustrates the method 

of carrying out the measurements, most of the traces in 

this experiment were obtained using the stitch-cam impact 
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transducer fitted with the special attachment shown in 

Fig 15.7, but ä few were obtained using the longitudinal 

beam instrument. -Initially, results were obtained with a 

high tension on the simulator, then another set was obtained 

at a lower tension, and finally the yarn loop was removed 

altogether. 

16.. 3.4 Experimental Results. 

Fig 16.6 shows the experimental results plotted, 

together with the theoretical maximum guard: cam impact 

derived in section 15.2" The results show that, as the 

tension increases, the machine peripheral velocity at which 

guard-cam impact just begins;; also increases. At high 

speed, the difference between the impacts: at zero and 167 gf 

yarn-force is relatively small. A typical sample of traces 

obtained using the longitudinal beam instrument is shown in 

Fig , 16.7 (b). There 'vas no noticeable change in the pulse; 

shape throughout the experiments detailed in this section. 

16-3.5 Comparison with the Theory. 

Theoretically, ''the force exerted upon the needle by 

the yarn is defined in the term F, the trick resistance to 

needle motion; the yarn acts a5 an'effective increase in the. 

resistance. 

The. equations, äerived in-section 15.2,. that govern 

the magnitude of the Impulse I are c! i i. ne1 below ;- 
T+ AT ý 

R(t)dt rnüiý (I+e) 
." (I44) 

I 

where 

Ui 
/(>)2ý($) Cos ýý 

x ^v . y= vt a. n$ - 
F. T 
..,,. 
m 

0 . 10 

#9 

(145), 

. (14G)) 

" (147), 
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--- and 
T- Z 

jLv)2- 4M 
.. z 

4p 0 
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" (148)) 

where; L and 
M 

are defined in section 15.2, and all the 

remaining parameters are defined in Fig 15.2. 

From equation 
(I48,. impact with the guard-cam- 

occurs when, 

(Lv)2)4M 
-which simplifies to , 

v2 > 2F. (d-6) 
I �12 

(149. 
Can ZS+Can 

If F is: increased the minimum velocity at which 

guard cam impact just begins also increases. This is in 

agreement with the experimental results. 

It is not immediately obvious from equation (147) 
FT 

whether the tern: increases or decreases,, when F is 

increased, because T is also a, functior. of F. However, a. 

few trial values were substituted into this equation, and'it 
T- T 

, 
became obvious: that as F increased the tern, - ,, uisa 

increased. An examination of equation (145 
,, shows that as 

F, T the _ term increases, the cosine term decreases and 

consequently the slope of the graph (Impulse I against machine 

speed) should decease. The theoretical response for in- 

creasing 
F should be 'm shown in Fig 16.6. (a). The 

experimental results shown in Fig 16.6 iriuicated an increasing 

slope; however, the results were somewhat variable, and for 
r the relatively small changes in r there would be only a small 

change in the theoretical slope. For the above reasons, it 

was considered that the experimental results followed the 

trend predicted from. the theory derived in section 15.2. 

c 
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where 
c( )a function derived in section 15.2. 

i6.3.6 Dimensional Analysis. 

The impact force is dependent upon a large number of 

parameters. Although the representation of force against 

machine speed is convenient for a large number of circumstances, 

a more efficient method of presenting the results can be 

derived by carrying out a dimensional analysis. By means of 

the analysis, the maximum amount of information can be 

represented on the minimum number of graphs. 

In section 15.2, "it was shown that the 

Impulse I=ý (v) 9, ' 
S) d- 6, r n) e) F) 

- 

Using the Buckingham 7C theorem5l', the best method of 

showing the inter-relationship between the parameters is 

to plot :- 

I 

ý 

Al 
( F)(d- b) 

against 

( 
m 
(d- 6) 

0 (150) 

for constant e ,. 8; and, . 

Before equations(150)could be plotted F, and -eß-6 , 
had to be determined for the particular needle under test. 

The trick resistance to motion at zero yarn force given by; 

" where 
P =Trick clamping force, 
t), = Coefficient of trick-needle friction, 

Force exerted by band-spring, 

and rº1q = needle weight. 

The resistance was measured by steadily pulling a 

length of yarn that was tied around a needle hook. The 

Rothschild 0 to 100 gf measuring head was, used to, measure 



32 

the tension in the yarn, and the output from this was taken., 

to the Rothschild Amplifier and then to the Tektronix 

oscilloßcope.. For the needle and trick used in the 

experiments (section 16.3.4) and using a method detailed in 

section 9.5 the, trick resistance was measured as 35 gf. - The. 

distance CL was measured using feeler gauges and the-butt 

width 
6' was . 

then subtracted from the figure to give a value 

of "- 

I 
Ab=0.006 ins. (0.1,5 mm), 

Using the experimental results detailed in section 

16 : 3.4, the values of :- 

Im 
were plotted against V (15 1) 

(F)(d-b) (F)(d-6) 

theoretically using the following parameters :- 

I 
The graph is shown in Fig 16.8. 

The terms defined in expression(151)were evaluated 

I 

m=0.67 9. - d- 6=0.15 mm (0.006 in. ) 
F= 35 gf, 1 48 gf, and 202 gf (for three 

52 ° 
calculations), ý-r 

= 80:, 
e=0 and 1, 

0.52 m/s (100 ft/min), 1 m/s (200 ft/min), 
and 1.52 m/s (300 

. ft/min) (for three 
calculations) . 

was evaluated from equations(144)to(148) in section 16.3.5. 

using the above values. 

The results of the theoretical analysis, together with 

the experimental results is shown in Fig 1.6.8. 

16.3.7 Brief Summary.. 

The experimental results show that, as the machine 
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speed is increased, the guard-cam impact increases in direct. 

proportion, The effect of increasing the yarn-tension is to 

raise the speed at which impact first begins. - The impact was 

compared with the predictions from the theoretical analysis, 

and a reasonable degree of agreement between theory and 

/ 

experiment was achieved. 

A non-dimensional method of plotting the results was 

derived in section 16.3.6 and this, provided a -means of 

displaying the information with the fewest graphs. The 

results obtained in this experiment are discussed further in, 

syection 18.. 2.1,. 

16.4 Effect of Stitch-Cam Incidence Angle upon the 

Magnitude of the Im ag ct. 

The special attachment used to simulatethe stitch- 

cam; during guard-cam impact experiments, had: the facility 

for changing the stitch-cam angle, and this is shown in 
.. more 

, 
detail in Fig 15.7" An experiment was carried out by varying- 

the stitch-cam angle, and, at each angle, obtaining a number 

of traces at"various machine speeds.. Traces were alga. 

obtained using the longitudinal impact apparatus at a 

cam-angle of 50°. The experimental method, calibration, and 

oscilloscope trigger setting were identical to those detailed 

in section 14.2. 

The parameters for the experiment measurements, and 

for subsequent theoretical analysis, are summarised below : - 

Guard cam angle j 8°, 

Cam-cylinder clearance = 0.15 mm (0.006 in. ), 

" cL 6=0.15 
mm (0.006 in. ), 

and Standard 0.1.443 'mm needle in a cleaned trick, 
F 35gf. 

It was shown, in bection 16.3.4 and Pig 16.6,. that 
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the maximum impact occurred when the needles were running 

through the cams without knitting. This experiment was 

carried out without the yarn simulator being fitted and 

therefore the loop-drawing tension was zero. During the 
I 

normal knitting process, the yarn-force acting on the needle 

at the instant of impact is related to the stitch-cam angle. 

Obviously, for steeper angles the force will be less, and 

consequently, the velocity at which the impact just begins; 

will be less than the velocity using shallower stitch-cam. 

angles. 

The experimental results are plotted in Fig 16.9, 

and Fig 16.10 shows the effect of cam angle upon. the impact 

force at four different machine speeds. 

A=theoretical analysis was; carried out at 

9_ 550 and 9= 400 
A typical comparison between experimental and theoretical 

values is shown below 

-at 
V= 250 ft/min (1 . 27 m/sec) , 

experimental values were : 

= 56°, impact force = 2090 gf, 

410°, impact force 1065 gf. 

" Theoretical values, -assuming a triangular shaped impulse' 

of duration 95 x 10-6 seconds, were calculated for e 

(coefficient of restitutio: u), equal to ;. 

then = 56°, . 
impact force = 2730 gf, 

and = 40°,. impact force = 1750 gf. 

and, for e_o, 

then 56°r impact force = 1365 gf, 

" 
and u_ ! 40°, impact force = 875 gf. 
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Additionally the non-dimensional parameters, 

I 
and --- 

(F) 

were evaluated from the experimental results, The graph 

is shown in Fig 1 6.11 41, 

The results clearly show that the stitch-cam angle 

has a large effect upon the impact magnitude. 

16.5 Effect of a Large Change in the Guard Cam Angle. 

An -examination was carried out of the guard-cam impact 

for the cam arrangement shown in Fig 16.12.. It was 

considered that the system shown may have some advantages. 

and these are summarised below : - 

(i) A steep guard-cam would transform. the guard- 

cam impact into what was effectively a stitch-cam impact 

with a consequently longer duration. Although at this stage. 

of the project, little work had been carried out on. needle 

damage, it was considered that a longer duration impact 

would reduce the risk of needle head damage. 

(ii) As machine speed increased, the position of 

the impact on the guard-cam moved'. by an amount that depended 

on 
.a 

large number of parameters, which varied from needle to 

needle. The movement of the impact point which could lead to 

stitch non-uniformity was restricted by the steeper guard- 

cam angle, shown in Fig 16.11. 

The special guard cam (Fig 16.11) was fitted to the 

beam of the stitch-cam impact transducer, which was: arranged 

for guard-cam impact measurements as shown in rig 15.7" It 

was impossible to use the longitudinal impact instrument 

" because the guard-cam angle on the device could not be varied.. 

10 ((52) 

I 
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The particular procedure adopted during the measurements 

for setting the oscilloscope trigger, and calibrating, were. 

the same as detailed in section 14,. 2. The horizontal and 

vertical components-of the impact on the transducer were 

recorded at various speeds and a typical sample of. the 

experimental results is given in Fig 16.13. As. can be seen., 

the pulse is considerably different -in shape to that of the 

normal guard cam impact. 

The pulse -has a long time -duration, i. e. almost 

500 x 10-6 secs ; however it has a sharp high frequency 

peak. The magnitude of the force is, shown plotted in Fig 

16.11+ in conjunction with the experimental results obtained 

with an 8o guard cam. The'results show much higher force 

magnitudes than those experienced with the shallow 8° guard- 

cam, and indeed butt fracture occurred quite frequently when 

needles were run through the cam system at high machine speed. 

16.5.1 Theoretical Effect of Guard-Cam Angle u ponT 

the Impact. 

It was shown in section 15.2, that the worst case 

of impact occurred when 
d-6 

was small, F 
was small, and e 

was equal- to 1. 

then 
ýM 

SEC 8 cos 
(7c/, 

-- 
(ö + ßý (153). 

The above equation was solved using a stitch-cam- 

arlnof 
8j=1.5; °.. A of the ImulseTT 3 ý graph P j. again., t speed 

Y, for varying guard cam angles, is shown irr: Fig 16-15. 

Although only, one stitch-cam angle was used in the 

calculationst the essential characteristics of the response 

were the same no matter. what angle was used. The analysis 

shows that minimum guard-cam impulse occurs when the guard- 

cam angle is small. . Hovrever, it is likely that the shape 
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of the impact force changes as the guard cam angle is 

varied, and' although the impulse at an angle of J3 _ 00 

is a minimum. 'this does not mean that the maximum impact 

magnitude R,, 
ax 

is less: at P= 00 than: at other anglee. 

16.6 Effect of Cam-Cylinder' Clearance upon Guard Cam 

Impact. 

An experiment was carried out to examine the effect 

of the' cam-cylinder clearance upon the impact magnitude. 

The stitch-cam 'impact transducer, fitted with the special 

attachment 'shown in Fig 15.7, was used for most of the tests 

although spot checks were occasionally made using the 

longitudinal beam instrument. A standard 0.443 mm needle 

used throughout the majority of the experiments detailed in_ 

this chapter was f it'ted in a thoroughly cleaned. trick. 

Initially traces were obtained at a clearance of 0.15 mm,. 

the clearance was then increased to 0.38 mm (0.015 in .), and 

. finally to 0.86 mm (0.034 in. ). The methods of carrying out 

the measurements, calibrating, and setting the oscilloscope 

trigger, were the same as that detailed in section, 14.2. 

The results were plotted as shown' in Fig 16.16.. and 

these show a small reduction in the impact magnitude as the 

clearance is , increased 

16.7 Effect-of Various Butt Modifications. 

A number of experiments were carried out to examine 

the effect of various changes in the design of the needle 

butt, the butt shape being shown in Fig 16.17. 

The'modifications were aimed at either increasing 

the butt flexibility, or increasing the total surface of 
needle to cam contact at the, instant of impact. 

Initially, an experiment was carried out on a standard 
0: 443 mm needle, and traces were obtained at varying machine 
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speeds. After this, each modification was tested individually 

under the same conditions as the standard needle. The 

majority of the tests were carried out using the stitch- 

cain impact transducer fitted with the attachment" shown in. 

Fig 15.7. The method of carrying out the experiments 

was the same as that detailed in section 14«2. However,, 

before each needle butt was fitted, the trick was cleaned 

and the cylinder and bearings were lightly oiled. 

The experimcntal results are plotted in rig 16.18, 

16.19 and Fig 16.20. None of the modifications in: butt shape 

produced much difference in the guard cam impact magnitude 

or the pulse shape. The minimum impact occurred with the butt 

modification shown as diagram I of Fig 16.17" However, the 

reduction in impact magnitude for this needle may have been 

due to the increased cam-cylinder cIearance. The results 

obtained for needles w1th butts shaped as shown in Fig 16.17 

showed a large degree of variability with machine speed. It 

vras initially considered that this may have been due to the 

particular butt modification. However, at the end of the 

experiment the same standard 0. Liit3 mm needle that had been 

used initially was again tested under exactly similar 

conditions to thcse used in the first test. The two results 

are shoran superimposed in Fig 16.20. The test carried out 

at the end of the experiments showed a marked variability 

with force, although the pulse duration did not change 

significantly. 

After d close examination of the cam surfaces, two. 

fine horizontal scratches were noticed on the stitch-c=- 

The scratches were very fine and positioned approximately 

0; 5 mm from the lowest tip of the cam.. It was considered 
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that the, fine scratches may have been caused by a swiss- 

file that had been used during the experiment. 

Before these scratches were removed from the cam 

surface, the longitudinal beam instrument was fitted, and, 

a series of traces were recorded at variable speed using a 

standard O. L143 mm needle , with a short butt; the traces showed 

a high degree of variability.. The stitch-cam was then 

removed, the base of the cam polished until the scratches: 

were completely removed? and-impact was again measured 

using the same needle at similar conditions. The graphs. are. 

shown in Fig 16.21 and it can be seo; n that, after the 

scratches were removed the traces became much less. variable. 

Finally, the trick resistance 

approx 1450 gf and another set 

are also shown on Fig 16.21 . 

ms greatly increased up 

of 

16«7.1 Summar . 
Although the needle butts 

to 

results were obtained which 

were drastically modified, 

the magnitude of the impact for a. particular machine speed 

did not change much for each needle tested. The results 

suggest that the shape of the butt has relatively little 

influence on the impact magnitude and duration. 

When the base of the stitch cam was accidently marked- 

with some fine horizontal scratches, the impact magnitude 

became very variable at high machine speed. It is possible 

that the fine marks produced a loss of cam contact before 

the bottom of the stitch cam. The loss of contact Would have 

the effect of-increasing the d-b term and also altering the 

angle of impact With the guard cam. 

When the trick resistance'to needle motion was 

increased to approximately 150 gf, the impact magnitude was, 

reduced at high speed.. 



360 

16.8 Effect of Oil upon the Guard Cam Impact. 

The stitch-cam impact transducer was used to obtain the 

majority of the traces in this experiment, the methods of 

calibrating and using the instrument, and of setting the 

trigger being the same as that detailed. In section 14.2. 

Initially, with no oil applied to the cylinder, a series of 

traces were obtained of impact against machine speed. After 

this initial test was completed, the machine was heavily 

oiled with Vickers Spotless B. N. O. oil and the test was 

repeated. The two graphs are shown in Fig 16.22. The 

parameters for this-experiment are üetailed below :- 

Stitch-cam angle , 9= 51 
0 

Guard-cam angle ß= 80, 

Standard 0.1443 mm needle used in cleaned trick, 

and Cam-cylinder clearances 0.15 mm (0.006 in. ) 

The results show that the heavy addition of oil. 

decreased the impact magnitude and also increased the 

minimum velocity at which impact just commenced. The results. 

indicate that the effect of the oil upon the impact process 
6 

is for the viscous forces to act so as to increase the total 

trick resistance to needle motion. 

16.9 Effect of Needle Mass upon the Impact. 

An experiment was undertaken to investigate the 

effect of needle mass upon the impact. Three 0. h43 mm 

standard needles were prepared; material was removed from 

the shanks of two needles and the other was left unmodified. 

IL diagram of the needles used in this experiment is shown in 

rig 16.23. Initially, the stitch-cam impact apparatus, with 

the attachment fitted, was used; however most of the 

measurements were carried out using the longitudinal impact 

transducer. Initially, the 0.443 mm needle Waa inserted in 
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a thoroughly cleaned trick, and traces were recorded at a 

range of speeds. The 0.60 g needle was then inserted in the 

trick and tested and finally the 0.38 g needle was tested. 

A. typical sample of the traces is shown in Fig 16.24, and :.. 

16.25, the results of the experimental measurements are 

plotted in Fig 16.26. 

The experimental results clearly show that the mass 

of the needle has a large effect upon the impact magnitude, 

and has relatively little effect upon the impact duration.. 

16.9.1 Non Dimensional Plotting. 

As the results in this experiment were obtained for 

aýsimilar stitch-cam and guard can angle to that used in 

section 16.3, then, if the non-dimensional parameters, deriQed 

in section 16.3.6 are calculated from the results detailed 

in section 16.8, they should lie on the curve shown in Fig- 

16.8. To demonstrate that the 
1- R 

mass 
9% 

were 
- 

calculated values for a needle 
of 0.67 g and 0.38 g do lie on the curve, calculations 

carried out using the following parameters ;- 

(1) P- 
Y= 

and (" 1= 

Impact force = 
d-6 

F 
and 9 

$o 
40 in/sec (1.02 m/sec), 
0.67 g. 
1440gf, 
0.006 in. (0.015 mm) 
35 gf , ° 
52" 

The calculated non-dimensional parameters are shown 

below 

= 

and V 3.6iß. 
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yÄ rc 

(ii) 

F= 
p 

_.. 

then, ( 
I 

8 __ V= 
frl 

impact force 

d-6 

I, 

and 

m (F)(d-b) 

ý i''1 

52 
°, 

40 in/sec (1.02 m/sec), 
0.38 g, 
770 gf, 
0.006 in. (0-015 mm), 
35 gf, 
80 , 

4.82, 

= 2.714. 
(F)(d-b) 

If these results for the 0.38 g and 0.67 g needles, 

are referred back to Fig 16.8 it can be clearly seen that, 

they are still on the same experimental line for the particular 

conditions of 52° and 8°. 

16.9.2 Theoretical Effect of Mass. upon the impact 

b; agnitude. 

When the trick resistance to needle motion: is low, then 

equation(t35) in section 15.2, shows that the reduction in. 

the impact magnitude for constant impact duration varies in 

direct proportion to the mass. reduction c For example, if 

the mass. is halved. the impact magnitude is also halved. When 

the trick resistance to n, sedle motion is higher, the effect 

cf the needle mass upon the impact is even greater, because,. 

not only is there the linear reduction, but there is also 

the increase in the term which means that the minimum 
to 

velocity at which impact occurs. is. increased as the needle 

mass is reduced. Therefore if the mass is halved then, when. 
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the trick resistance to needle'motion is not, negligible, 

the reduction in the impact magnitude is more than one half. 

16.10 The Bounce of the Needle on the Guard Cam. 

The , ounce detector was connected to the stitch-cam 

impact transducer, as fitted with the special attachment to 

adapt it for guard-cam impact. An experiment was undertaken 

to measure the bounce of a 0.443 mm standard needle on the 

guard cam under the conditions specified below : - 
$ 520$ ` 

80#- 
d-6 = 0.006 in., 

and 
F= 35 gf . 

The method of using the impact transducer and the 

bounce detector' was the same as that detailed. *in. sectiorrm 14.2. 

The results of the experiment are shown in Fig 16.27. 

The yarn-tension simulator was then bolted to the 

cylinder, the yarn loop was connected to the needle hook 

and the yarn tension at the instant of impact was pre-set 

to approximately 90 gf. The. experiment to measure the 

needle bounce was then repeated and a typical sample of the 

traces obtained are shown in Fig 16.28. 

The results of the'investigation clearly showu that, 

for tha particular needle tested, there was a second pulse 

closely following the first.. 

ý`ý 
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Effect of Yarn Tension upon the Impact 

'Parameters 

:. ', 

= 120 gf 

= 52 ° 

_8° 

= 0.006 in_. 

= 65 gP/mm 'on trace 

Parameters for traces showin in 

Fig 16.7(b) (using löngitudinal' 
beam instrument) 

a` 
Fig 16.7(a) 

Yarn-force at impact 

Stitch Cam-angle 

Guard Cam-angle 

Cam-cylinder clearance 

Free in trick 

Calibration 
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Calibration factor 39 gf/mm 
Time = 100 X 10-6 seconds per division 

Stitch Cam angle = 52° 
Guard Cam angle = 8° 
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CHAPTER 12 

LATCH IMPACT 

17.1 Introduction. 
11 
! Maximum latch impact with the needle hook occurs 

-when the needle is passing through the loop drawing 

region, and the old loop shown in Fig 8.4 is rising up the 

stem-of the needle. At the instant the loop contacts-the 

latch base there is rapid closure of the latch which then 

impacts the hook. However, fracture often occurs at the 

hook bend even when the needle is passing through the cam 

system without pulling a yarn loop; this indicates that the 

major factor influencing hook fracture is the impact with 

the knitting cams. Petrow33 to 37 inc does predict dangerous 

stresses at the hook bend arising from a stress wave origin- 

ating from impact with the cams.. It is quite likely, 

however, that the latch impact has a contributary influence 

upon needle hook fracture, and at high machine speed-the 

magnitude of the latch imps. ct could rise to such proportion 

as to cause head damage. 
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When the needle rises to clearing häight,, the- old. loop, 

as it moves down the shank,. `-forces the latch open at 

considerable speed, and a, damaging impact occurs on the needle 

shank. Recent high-speed tests on multi-feeder commercial 

machines undertaken'at Bentley Machine Development Company 

Limited, revealed considerable damage to the needle shanks. 

Fig 117.1 is a diagram : illustrating the damage and the mayor 
impacts: occurring at the hook. and on the shank. 

It is. very important to have-an understanding of latch 

impact, because controlling the stitch-cam and guard cam 

impact may be of little value if the latch impact reaches. 



I such magnitudes that it alone could cause serious needle 

damagee Unfortunately none of the instruments developed. for 

guard-cam: or stitch-cam, impact were of any use for latch- 

impact measurement, dnd time precluded any detailed. 

experimental work on this topic.. 

J9ý 

Detailed in the following section is, some very simpler 

. 
theoretical analysis,. Further discussion concerning possible 

methods of reducing the impact, following on from. the 

theoretical analysis.., is, contained: in chapter 24. 

17.2 Theoretical Analysis. 

As the needle moves down. the stitch-cam, the old 

loop rises up the shank. The mean velocity at which the 

yarn rises up the shank is given by 

Vban0 
where V= Cylinder rotational speed, 

and e= Stitch-cam angle. 
The term v LanO is a constant for a linear cam. 
The time for the old yarn loop to move by I mm up 
the shank is equal to :- 

V tan e 
where V is measured in mm/sec. 

As the old icop moves up the shank, it forces tho 

latch open at high speed. Two conditions exist, firstly 

the latch can acquire sufficient kinetic energy for it to 

lose contact with the yarn and, secondly, contact is maintained 

and latch motion is dictated by the position of the yarn on. 

the shank, Both cases of latch motion are considered' in the 

following two sub-sections. 

17.2L11 Latch Motion: Controlled b the Position of 
the Yarn on the Shank. 

If contact is maintained. between the latch and the yarn 



as the old loop moves up the shank� then the position of the 

latch in relation to the yarn loop can be easily evaluated. 

A scale drawing was made of the needle, and at successive 

positions of the loop on the shank the resulting position 

of the latch was evaluated. Fig 17.2 is a reproduction of 

a drawing showing the re]. tionship; between yarn position and 

latch motion, and Fig 17-3 is a graph of latch angular- 

rotation against time. 

From Fig 17.3, a, reasonable approximation to the 

graph is .- 

I 

Ö 

and, 

K t5 . 
d `. 

_) v ton() 

04 0 (ý r4)) 

where .Ü= Latch rotation angle see Pig 1; 7.2,. 
K= Constant, 
CL = distance measured u p shank from. 

position I in Fig 17.2, 
V= machine peripheral speed., 
e= stitch cam. " angle, 

and t= time (from datum at 1. ): '. 
I 

From Fig 17.3, K, can be evaluated and is equal to :- 

K=0.00154 (v fan 8ý5 

and hence ö -= 0.00154 (v 6n 0)Y " (155), 

w =49 00077 (vkon8)5 E4 (iSri), 
Ct t 

and oc - dZö 
_ dv 

0.0308, (vtane)5 E3 

At the instant of impact 

E-ý 4.5 
vtan6 

vihere, V, is measured, in mm/sec, 
therefore! 5 

ca = 0.00.77 (vtan8ý 

which reduces to :- 

4.5 
(vLcne 

(I 57). 

(0 = 3a16vEnn6 



/ 

and, by similar arguments: - 

oG _ 

From simple impact theory 

k 
At 

n 

and -Q = 

R(L)dt = 

where K= 

QE 

R(E} dE 

0 I. = 

0 

2 
2.8 (vbinG). 

1. co CI ýý)ý 
The distance from the impact 
point to the pivot see Fig 17-2., 

Impulse N of duration At, 

moment of inertial about pivot 0 
on Fig 17.2, 

ýyh 

the coefficient of restitution 
of the latch on the needle hook. 

If Ithe shape of the latch is approximated to a rod of length I 

width 
6, 

and macs m. 

I Then RN 

and N 
where V is 

i 

rn12ý3.16vtan0)CI+ eý 
3 

measured in mm/sec, 

cnl2t(+ e)(1.053vtcx. n6) w ý159ý. 

(15g), 

Ask 'is very nearly equal to 

then N m1 (I +e)(1-053 v tare) (160). 

For a latch mass m= 0«01 g: 
Q= 60° 
t`4 

mm, 
and -e =1. 

The units of 1 . 053 V tarp are rads/sec. 

N x" 06 x 25 . L. x 10-6., where Vi 

N- 
in inch/see. 

0,. 836. x 10`6 lbf sec,, 

where V is. in inches/sec. 
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The peak force magnitude of the impact depends. 

upon the duration of the imia ct, and the manner in which 

the machine speed affects the duration. 

If we assume a triangular shaped impulse of duration 

60 x 10-6 seconds, which is comparable to the duration of the 

guard-cam impact. 

Then as 100 in. /sec. (2154 m/sec) 

R_- 0.836 x 10-6 x 10+ 
6x 

100�=, 
60 

or RaX = 1.39 lbf (632 9f), 

17.2.2 Latch Motion unrelated to the Position of 

the Yarn on the Shank. 

When the resistance to motion at the pivot is. small,. 

it is possible that the latch moves ahead of the old loop, 

which is moving up the shank,. , and contacts the hook before 

the loop has reached a point opposite the latch pivot. it 

has been predicted, by analysis carried out at Bentley 

Machine Development Co. Ltd., that the actual motion' of the 

old loop over the needle had is a. series of stick-slip 

motions, When. the yarn is moving forward rapidly after stick- 

ing for a short time, the latch can acquire sufficient energy 

to'leave the yarn when it reaches the next stick position. 

When the latch has left the yarn, the subsequent motion. is 

defined. by the following equation 

M_-T oc 1'0 ((6I) 

where M the pivot clamping force expressed' 
aa. a resisting momen. t,. 

mor. en t of inertia of latch about 
position 0 in Fig 17.4, 

\`\ and 0< = angular acceleration. 

Fig. 17.4 is a diagram illustrating the forces. on the 

latch, the stick-slip motion, and the subsequent motion-. 
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of the latch; Fi`g 17.5 is a graph of latch rotation against 

time. 

Obviously the highest magnitude impact would occur 

when. M º: as very small.. There is no information on the 

velocity of the yarn during stick-slip motion,. and it is 

impossible to determine the angular velocity of the latch 

as it leaves the yarn. The slip velocity of the yarn 

after a stick region will be higher than the vertical, 

velocity of the needle, but certainly not instantaneous.. 

An initial calculation was carried out assuming that M 

is negligible, and the latch motion is'completed while the 

old yarn loop moves only 0.5 mm up the shank: 

therefore dÖ 
_ 

2.84 Lon ßee 
X162) 

dr . 
0.5 

and CO = dX = 5.68 vtan @".. N03) dt Vin mm/sec 

This is higher than the. latch velocity as calculated in 

section 17.2.1 : - 

t. e. r f. CO = 
EL 

-'3.16Vb. nG. 
V in mm/sec 

It can be concluded, therefore, that the magnitude of 

the impact, if the latch loses contact with the old' loop 

can be higher than the impact if the latch maintains contact 

with the yarn. The parametero controlling the subsequent 

velocity of the latch are : 
M the clamping moment at the latch pivot, 

and (ii) the vertical velocity of the old loop during 

the clip part of the stick-slip motion. 

17.. 3 Methods of reducing Latch Impact. 

Based upon the theoretical analysis, w' brief surmary 

of methods for reducing the magnitude of latch impact ia. 

presented below ;- 
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(i) Enlarging of the cheek height could reduce 

the latch velocity at impact, but it would mean increased 

yarn stretch as the old loop passed over the needle. Fig 

17.6 shows the effect of increasing the cheek height by 1074 

For the example at the end of section 17.2.1, the peak impact 

magnitude equalled 1.39 lbf at 100 ins/sec; at similar 

conditions, Whe12 the cheek height was increased, the impact 

force = 1.021 lbf. 

(ii) Use of energy absorbing latch material. to reduce 

the coefficient of restitution. 

(iii) Reduction of cam-angle when the latch is being 

closed . 
(iv) Reduction of latch-mass.. 

(v) Reduction of latch-length. 

(vi) Elimination of stick-slip yarn motion over 

the needle head. 

(vii) Increase in the latch-clamping moment at the 

pivot. However, this would mean increaced loading imposed 

upon the old loop (see section 8.5.7, and Pig 8.22 (b)). 

(viii) klteration to latch design, as shown in Pig 

17.7. The graph of latch angular rotation 6 against time 

is shown in Fig 17.8. 
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CHAPTER 18 

CONCLUSIONS TO PART D 

4o8/q 

18.1 The comparison of Theoretical and Experimental Results. 

For both the stitch-cam and the guard-cam impacts-, a 

reasonably good degree of agreement was obtained between the 

experimental and theoretical results:. 

, In the prediction of stitch-cam impact, the 

simplification of the graph of butt-Ceflection against load 

ensured that the mathematics and the final expression were 

relatively simple. If more exact analysis. is required, the 

more complex shape of the butt-deflection gaph must be taken 

into account in the theory. The prediction of the pulse time 

was always: lower than that experimentally measured;, thin 

was obviously due to the nature of the butt-deflection 

approximation. Theoretically, a sine pulse was predicted, and 

experimentally the pulse was formed from a superimposition. of 

sine-wavea. The shape of the' theoretical and experimental 

pulses, is given on Fig 18.1. o. 

The guard-cam impact theory did not provide any 

information regarding the pulse shaps,. but it did, predict, 

with reasonable accuracy, the manner in which various parameters 

affected the impact process. For more detailed theoretical 

work, it is essential that realistic measurements of the 

coefficient of restitution of the needle upon the cam. surface 

be made. 

Experimental analysis concerning latch impact was rot 

undertaken. The theoretical analysis:,, however, revealed quite 

clearly the parameters of importance which have been examined 

by needle 'manufacturers for some considerable time. The 

se was shared that the impulproportional tc machine 

hL 
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{ peripheral speed if the other parameters i. erie heldiconstant, 

and iý:. Ueduration of impact is a constant no matter what the 

machine speed: 

18.2 Brief C'ummary of the Experimental Results Contained 

in Chapters 14, I6 and 17" 

18,2-1 Effect of Machine Speed. 

Stitch-cam impact (section 14-4.. 2). 

Guard-cam impact (section 16.3). 

Latch impact (section 1?. 2). 

As machine speed increases, the stitch-cam impact also. 

increases. For example, when a standard 0.443 mm needle 

impacted ä, 600-stitch-cam, the peak imp. ct force increased 

from 1600 gf to 8750 gf, for a. machine speed increase from 

100 ft/min (0.50 m/s) to 400 ft/min (2.00 m/sec). 

For this particular test, butt failure occured at 

420 ft/min (2-13 m/s)- The guard-cam impact increased with 

machine speed; for example when a 0.443 mm standard needle 

impacted a 80 guard cam, after firing off a 520 stitch-cam,. 

the impact increased from 440 gf at 100 ft/min to 2: 11,0 gf at 

300 ft/min. In this particular example there was no yßrn, 

around the needle hook. The. pulse duration for guard-Pam; 

impact was much shcrter than the duration for stitch-cam. 

impact, i. e. 95 z 10-e seconds compared to a figure varying 

between 300 and 700 x 10-6 seconds. - 

The theoretical analysis predicted a linear increase 

in latch impact for a varying machine speed:.. 

18.2.2 Effect of Stitch Cam Angle. 

``Stitch cam' impact (section 14-4.2). 

Guard cam impact (section 16.4). 

Latch impact (section 17-2). 
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The 
'stitch 

cam impact increased when the cam angle 

was steepened. For example, when the machine speed was 

200 ft/mink(1 m/sec), impact of a,. 0.44-3 mm standard needle 

against a 30° cam resulted in a peak force magnitude of 

560 gf, while impact at the same speed but against a 600 cam 

resulted in a peak force of 3,800 gf. 

The angle at which the needle "fired-off" the : s. titch- 

cam had a large effect upon guard-cam impact. For example,, 

when the stitch-cam angle was 40° and the guard cam angle 

8°, then at 250 ft/min (1 . 27. m, /sec) the peak impact force wvas+ 

1050 gf; for a stitch-crim angle of 5501, the peak impact 

force ryas 2020 gf. 

The latch impact theory predicted that, when the angle 

of. the stitch-cam at the latch closing position increased, the 

impulse also increased. ` 

18.2.3 Effect of Yarn Tension. 

Stitch cam impact (section 111.. 4.111) . 

Guard cram impact (section 16-3). 

The yarn-loop held around the needle shank at the 

instant of stitch-cam impact had very little effect upon the 

impact magnitude. 

The yarn-tension, acting on the needle during loop 

formation, had a large effect upon guard-cam impact. For 

example when the yarn tension, at the instant of impact, was: 

increased from 10 gf to 176 gf, the peak impact force at 

2C0 ft/gain decreased from : 4, L30 gf to 550 gf (in this, example: 

the stitch-cam a ngle was 52° and the guard-cam angle 8°) . 
1 8.2.4 Effect of Needle Mass. 

Stitch--cam impact (section 14.5.3). 

Guard-care impact (section 16.9) 

Latch impact (section 17.2)� 
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The needle mass had. a. large effect upon all three 

impacts; generally, if the mass eras reduced by one-half,, 

the impacts all reduced by more than one-half depending 

upon the trick resistance to needle motion. 

For impact against a 49° stitch-cam at 200 ft/min, the 

horizontal component of stitch-cam impact decreased from 

3,300 gf, for a 1.36 g needle, to t, 540, gf, fur a. 0.43 g needle. 

Similarly, guard-cam impact decreased from 1,440 gf to 760 gf 

when the mass. was reduced for 0.67 g" to 0.38 g. For theser 

examples the stitch-cam angle was 52°, guard-cam angle 80 and 

machine speed 200 ft/min (1: m/sec). 

The theoretical analysis carried out on latch impact: 

showed that, if the needle mass was reduced by one-halft the 

impulse should also reduce by one-half. 

18.2.5 Effect of Oil.. 

Stitch-cam impact (section 12.3.2). 

Guard-cam impact (section 16.8). 

The oii_ used throughout the experiments was Vickers: 

Spotless, B. N. A. oil. 

The oil had no appreciable effect upon the magnitude= 

of the primary stitch-cam impact. However a heavy soaking 

of oil did effect needle bounce, since it shortened the 

period of time between bounces and generally inhibited the 

bounce procass. 

A heavy addition of oil reduced guard-cam impact. 

For example, for impact at 200 ft/min (1 M/sec) of a 0-443 ram 
" standard needle against an 8o cam, firing of a 510 stitch- 

cam, the impact decreased from 1)470 gf to 1280 gf-, r after a 
heavy addition of oil.. 

18.2.6 Effect of-Trick Resistance to Needle Motion. 

Stitch-cam impact (section 14.5.2) . 
ý 
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Guard-cam impact (sections 16.3 and 16-7)- 

The trick resistance to needle motion had a large 

U. 1 _ý 

effect upon the impact forces:. For the stitch-cam impact 

of a 0. W4.3 mm needle against a L. 9° cam at 200 ft/min 

(1.00 m, /sec): the peak horizontal component of impact 

increases-from 1200 gf to 3,400 gf when the trick resistance 

is increased from 35 to 1650 gf. When the trick resistance 

to needle motion was increased from 35 gf to approximately 

450 gf, the guard-cam impact at 200 f t/min, against an 80 

guard cam, decreased from 1440 gf to 760 gf'. Ad trick 

resistance to needle motion was increased., so did the minim= 

velocity at which guard cam impact just commencedp 

18.2.7 Effect of Cam-Cylinder Clearance. 

Stitch-cam impact (, section 14.5.10. 

Guard-cam impact. (section 16.6). 

Small changes in the cam-cylinder clearance, i. e.. 

from 0.. 006 in . (0.15 mm)' tc0.015 In. (0-37 Mm), have very 

little effect upon stitch-cam impact.. Very little experimen- 

tal work was undertaken upon the effect of large changes in. 

the clearance. However, it'seems likely from the theory that 

the impact increases as the cam-cylinder clearance is increased, 

Guard-cam impact decreased a small amount when the 

cam-cylinder clearance was increased. For example, guard 

cam impact, of a standard 0.443mm needle at 200 ft/min, changed 

from 1640 gf -. td 1400 gf when the clearance was increased 

from 0 «006 'in. (0.15 mm ) to 0.034 in. (8-6 mm). 

18.2.8 Effect of Butt Modifications. 

Stitch-cam impact (sectioi1 1L. 5.1). 

Guard-cam impact (section 16.7). 

Many severe modifications were made to the butt design 
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of a selected range of needles.. Although there was 

variation between one needle and another, none of the 

modifications showed significant impra-vernent upon stitch-cam 

or guard cam impact. 

18.2.9 Effect of Various Parameters upon Guard 

Cam Impact. 

(i)`. . Supporting Structure Stiffness. (section 16.2) 

..! Although the knitting machine structure where the impact 

-transducer was fitted was considerably stiffened, it had very- 

little effect upon guard-cam impact. 

(ii).. Guard-Cam Angle. (section 16.5) 

A. special guard-cam was designed with a very steep 

guard-cam angle. The experiments earriedout to investigate 

the impact magnitude upon the steep cam shared that, at 

, 
high-speed, although the impact duration is somel-What. longer 

(approximately 500 x 10-6, secs), the impact magnitude at 

high speed soon rises to such a high value that the butt breaks. 

(iii) Marks on the Stitch Cam. (section 16... 7) 

Very fine horizontal- marks at the base of the stitch 

cam led to some very irregular impact force results at high 

machine speed. It was possible that, s the speed increased., 

the corresponding impact magnitude decreased., 

18. E Methods of Reducing Impact.. 

The needle mass-has a large effect upon the impact. 

magnitude, so that, if a logs mass needle where to be used in 

the knitting machine, the stitch cam impact, guard-cam impact, 

and latch impact would all be substantially reduced. 

The-trick resistance to motion should not be sa 

large that high stitch-cam impact results, nor so free, that 

high guard-cam impacts result. The cam angle atEtitch-cam. 

impact should be small, and if possible the cam angle when 
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the latch is closing should also be small. The angle at 

which the needle fires off' the stitch cam should be as. 

nearly as possible parallel to the guard cam argle at the 

point of cam-needle contact. 

The cam-cylinder clearance at stitch-cam impact should. 

be sma11r but the clearance at guard cam impact could be 

usefully increased by a small amount. A diagram illustrating. - 

än increased width of land on a. guard cam designed to reduce 

the impact is shown in Fig 18.2. 

Heavy addition of oil reduces the bouncing phenonemon 

down the stitch-cam and also reduces the guard-cam impact. 

A. tentative idea for reducing the stiffness term, 

in section 12.2, and hence stitch-cam impact by modification 

of the trick wall is shown in Fig 18.3« However, this idea 

was never examined experimentally and there is the attendant 

danger of increased bouncing down the stitch-cam. 

An examination of equation(IO) of section 14.14.2,. shows 

that, if the frequency term TI is large, then: the stitch cam, 

impact force R is small. The frequency it is large when the 

term, °Cr) fa 
is large and the term f2 -f- of j. 

is small; 

these are only possible when Y4 and U2 arc both small. 

However, frequency ri is small if.. Sin 8+) Ca 56,. is large. 

It is, obvioualy an advantage to have both ys and J) small,, but 

to keep t1, considerably smaller than Ja 

A. similar argument can be applied to the guard-cam, 

impact. If the impact duration,, at the instant of contact, 

could be-`lengthened then the force magnitude would be reduced. 

Methods of increasing the cam flexibility at the instant of 

impact would lengthen the pulse time and some tentative ideas 

are shown in Fig 18-4. 

Methods of reducing latch impact, based upon the 
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results or the theoretical analyois:,, are contained. in 

section 17.3. A further discussion concerning the relevance 

of the measurements to the design of the needles, tricks, and 

cams, is contained in chapters 23 and 2I.. 

184 Effect of Needle Bounce on the Knitting Process. 

Recently, a patent52 for a knitting machine with 

vibrating camas has been applied for. The idea behind the 

device is that the needle makes reduced contact on the 

vibrating cams and therefore less: heat is generated at high 

. speed. However, the vibrations may lead to impacts of a 

larger magnitude; because, combined with needle motion,, the 

cam is also moving, and if the two components are moving 

towards each other at the instant of contact the impact could 

be very large. The phasing of the cam motion- should be 

arranged so that the cam is always receeding from the needle 

at the instant of contact. The horizontal frequency of cam 

motion must be controlled by the needle passing frequency. 

However, although the phasing of cam vibration could be 

controlled to reduce primary impact, the motion of the needle 

on the cam would have to be rigidly controlled, so that the 

secondary impact was also , reduced' in magnitude. 

There is no evidence that bouncing in itself leads. 

to any form of needle damage; howwever, if the bouncing extends 

to the portion of the cam where the latch is moving, then it 

could possibly have an effect upon latch motion.. Bouncing on 

the stitch cam could have some advantages from the view-points 

of decreased. contact and reduced. heating; however, bouncing 

is evidence of an increased number df impacts. Since free 

needles tended-to bounce more than tighter needles, and tight, 

needles had impacts; of higher magnitude on the stitch-cam, 

then bouncing is indicative of primary impacts of lower 
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magnitude. It is also very important that bouncing should: 

not extend. into the loop formation region. 

Measurement of guard cam bounce revealed that, under 

most conditions, thezse was a loss. of contact after initial- 

impact followed by a recontact. Guard-cam bounce could lead 

to irregular loop formation, and a too higher number of 

impacts, which consequently could lead to a. rapid fatigue 

situation. -Guard---am bounec could be largely removed- if an 

energy absorbing material was used for the cam�or in the cam. 

support. construction, and this would act so as to reduce the 

coefficient of restitution. 

r. 
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CHAPTER 
-19 

PRELIiO INARY 

19.1 Theoretical arid Practical Aspects of Stress-Wave- 

Propagation. 

When two bodies moving towards each other collide, 

an impact force exists at the instant of contact. The 

duration and magnitude of the force depend upon several 

parameters, such as the masses dimensions, and fiexibilities 

of the impacting bodies. Effects of stress wave propagation, 

following an impact becomes important, when the applied 

impact force changes significantly during the time required 

for the propagation of the wave throughout the system. At 

the beginning of impact, remote portions remain unstressed, 

while large stresses develop near the point of impact and 

propagate through the medium at a finite velocity. When the 

wave reaches a discontinuity, or a free end,. or rigidly fixed 

end, I wave reflection occurs. The reflected waves and incident 

waves all add together and, depending upon their respective 

phases, - very high stresses can result, i. e. much higher 

than the stress predicted from static loading conditions. 

The-most common types of waves generated are ; -- 

(i) Longitudinal waves which transmit compressive 

and tensile stresses. The velocity of propagation of such 

waves through a medium is given by 

(e 
6& ""ý (164)} 

where E jioungs modulus. of elasticity, 

ed ens ity of medium. 

and C= wave speed . 
(ii) Torsional waves which transmit shear waves.. 

EýI 2 
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The velocity of propagation of such waves through a medium 

is given by :- 

42 ý 

- ir_ G ,Z 

:: here the shear modulus, 
e density of medium, 

and CT = wave speed. 

(iii) -Bending waves such as are encountered in the 

transverse impact of beamse The velocity of propagation of 

such waves is very dependent upon the frequency. 

A brief description is given below of the most probable 

type of wave propagated at each of the principal needle-cam. 

impacts, namely, guard-cam impact, latch impact, and stitch- 

cam impact; this also generally includes impact at tuck and 

miss height, and, if the cam is; non-linearly shaped,. impacts 

at changes of profile. 

(i) Stitch-Cam Impact.. 

The longitudinal-wave speed is approximately 20,000 

ft/sec, and the time for the wave to travel from the butt up 

to the top of the needle and back to the butt is approximately 

1'7 x 10-6 seconds. Stitch-cam impact force was approximately 

of 250 X 10_6 seconds duration, and it was a relatively slow 

changing pulse, not greatly different from a plane sines wave 

of frequency 2000 He. Since the ratio of the duration of the 

impact to the period of the fundamental natural frequency is 

large, it is unlikely that longitudinal waves will be gener- 

ated by the impact. Similarly, it is also unlikely that-shear 

waves,, which have a traverse time of approximately 25 4-- 10-6 

seconds, will be generated by the stitch-cam impact. However, 

it is likely that the horizontal component of stitch-cam 

impact will propagate high frequency bending waves. The lower. 

frequency waves, with larger amplitudes would: be restricted 
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by the trick walls. 

(ii) Guard-Cam Impact. 

The guard cam impact pulse is sharp and has a fast rise 

time, from zero-force, Level to, ma : imum force level, of the 

order, of 5 to 10 : 10_6 seconds. It is highly likely that 

i longitudinal stress waves propagate through the medium 

following this impact. It is also possible that the very 

rapid'deceleration of the needle at guard-cam impact could 

generate hook bending vibrations, as shown in Fig 19.1 

Diagram I. It is unlikely that guard cam impact generates any 

bending waves, simply because there is-very little-horizontally 

applied load to the butt. ". 

(iii) Latch Impact. 

The actual duration of the latch impact pulse is, 

unknown... However, it is highly likely that latch impact 

generates hook bending vibrations, as shown in Fig 19.1 

diagram II, and it is also possible, depn'nding upon the pulse 

time, that the latch impact generates longitudinal stress 

waves. 
19.1«1 Properties of Plane Longitudinal Waves. 

At a free end, an incident wave is reflected back 

as a wave of equal acid opposite magnitude, i. e* an incident 

compressive wave is reflected back as a tensile wave. 

When an incident plane wave reaches a perfectly 

rigid, fixed end, the wave is reflected without change in 

sign or magnitude. 

When an"incident longitudinal plane-wave, passem 

through a discontinuity in a'medium. either as a result of 

a change of material, or geometry, there will arise a reflected 

wave, , and a transmitted wave, QT- . The equations 

relating the magnitudes of the waves are as follovis :- 
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Tr 2A, F2c2 
p1ý 

e, Ci + p2 
ez c'2 

and 
CrR 

_, 
AZe2cZ - A, e-, cI 

0" 

4ý 

OGG)j 

0. O6-7), ý AZ eZcz 

where all the terms in equations(Ib6)and (167) are 

defined in Fig 19.2. 

Davids and Kesti4O have shown, that a gradual reduction 

in area (such as d tapered section) can result in stress 

magnifications higher than that experienced during wave 

contact with a step reduction in area. They derived an 

equation of the form 

or z for C, = C2, 

" (Ir S) 
Z and. ei = ea) 

The terms in equation(IGS)are defined in Fig 19.2.. 

19.1.2 Wave' Attenuation. 

The wedge and square-cut-out shown in Fig 19, -3 can 

be used to reduce the amplitude of a wave propagated through 

a. mediuus which contains, the cut-out. Referring to Fig 19.2 

diagram It when an incident wave contacts a sudden change of 

section, the magnitude of the transmitted wave is controlled 

by equation (166. If, for this particular example, the 

incident wave propagating through a medium of cross-sectional 

area A, suddenly contacts a discontinuity of area Az :- 

then, 
cz 

__ 
2' (169) 

at A, + Az 
where Cr. = the magnitude of the transmitted wave 

from the discontinuity, 

and 6i the magnitude of the incident wave at the discontinuity. 

if the area A. is gradually opened out to an area A3 , 
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as showrn in diagram I Pig 19-3- 
-. ý then 

where A'-= 

and C7'2 = 

(\YZ 

A3 
the magnitude'of the transmitted 
wave from area. A. 

the magnitude of the incident 
wave at area A3 

From equation(Ii)and(170) 

I Az 
l2 

- A3 ý 
f,. 

-For the example shown in. Fig 19.3 diagram I :- 

if A,, = 2 A2 = ý3 1 ý ,ý.. 

then 6 0.944 
crý 32 

ifýv 

(170)) 

'' (17))4b 

Using the same method as above, the equation for the square 

-cut-out 
has the form 

2A, 
A, + Aý k A2+ A31 

For. the example shown in Fig 19.3 diagram II : 

if At 2Az b A3 
ý 

then Q 
=-33 _0.89. 

44 (i7z). 

If six wedge cut outs were positioned on the needle shank, 

as shown . 'in diagram III 'Fig 19.3 

then 0.946 0.69, 
`6z ,- 

where 6?. = the transmitted wave from the six wedge cut outs, 

and = the incident wave on the six wedge cut outs. 
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If1six square cut outs are positioned as shown in 

diagram IV Pig 19.3 

then = 0.896 =0 496 . 

I The disadvantage of the wedge and square sections is-. 

the increased risk of fracture at the sharp corners due to 

high stress concentrations; a small radius should be provided 

at the corner to reduce thin risk. 

19.1.3 Summary of the important conclusions contained 

in Petrow's work. 

An, introductory summary of the work carried out by 

J. I. and E. I. Petrow33 to 27 inc is contained in chapter 2 

(section 2.1-4). A. list of some of the important results and 

conclusions contained in the papers is summarised below : - 
(i) Theoretical considerations showed that the 

, needle hook was destroyed by a strain wave that originated 

at the impact of the needle butt with the cams. 

(ii)ý The theory is specifically concerned with the 

tapered sections of the needle. Neglecting dispersion the 

prismatic parts of the needle do not change the amplitudes 

and the shape of the impact impulses. 

(iii) A certain time after the initial propagation 

of the impact wave, the load sign at a particular needle cross- 

section, will reverse, i. e. a compressive pulse changes to a 

tensile pulse. 

(iv) As the impact wave advances towards the top 

of a conical section, the pressure zone narrows and a stress- 

strain wake remains. The stress is greater in the wake of the 

impact wave, -and cane exceed the ultimate strength of the 

material. 
(v) In every wedge-shaped part of the needle, the 
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. load from the impact wave increases and the duration shortens. 

(vi) Petrow calculated that the most dangerous cross- 

section of the needle was just at the beginning of the hook 

bend. At this position, there are repeated alternating high- 

intensity stress waves due to tha load sign reversal. 

(vii) The number of hook breakages not only depends 

upon the speed, but also depends upon the number of cam impacts. 

19.2 Characteristics of Needle Failure at Hirh Machine.. 

Speed. 

Before embarking upon detailed measurements of the 

wave process, it was essential that the i rtant character- 

-istics of needle breakage should be examined. 

. 
The knitting machine was set-up in a manner suitable 

for guard-cam impact experiments, i. e. with the special 

lead-in, and raising cams fitted, and- with the majority of 

the needles in the cylinder removed, as was described in 

detail in section 15.3" 

shirty needles were placed in adjacent tricks; the 

majority of the needles were of standard 0.443 mm thickness, 

and the remainder were 0.406 mm thick. Most of the thinner 

needles were very free, and it took only a small force to 

raise and lower, the needles vertically in the tricks, However, 

some of the needles were very tight and it took considerable 

force to move them., Throughout the experiments, the machine 

was run at 150 ft/non (2.29 m/sec), the stitch cam angle was 

50°, the guard cam angle 8°, the cam-cylinder clearance equal 

to 0.006 in. (0.15 =). After every 1#000 revolutions the 

machine was stopped and fractured needles were removed; the 

Toc. ation of the. fracture, and the conditions under Which the 

particular fractured needle was running in the trick, were 

. carefully noted. Another needle was then inserted in, the 



trick, and the machine was re-run for another 1,000 

revolutions before being examined. 

19.2.1 Experimental Results. 

The results are summarised below : - 
(i) None of the 0-443 mm standard needles broke 

at the hooka, even after several thousand revolutions. 

However, when the hook thickness for a group of these needles 

was reduced to 0.006 in. as shown in Fig 19.4, hook fracture 

cccurred frequently. The hook breakage rate was nearly inL 

direct proportion to the resistance to needle motion. '-in the 

trick. The needles which were very free broke after only 

afew hundred rvolutions, while the needles that were tight: 

did not fracture at the hook until many thousands of 

revolutions were completed, and some did not fracture at all. 
(ii) The free 0.406 mm needles fractured at the hook 

bend after only a few hundred revolutions. If a broken 

needle was replaced by a similar needle then in general, this. 

needle also fractured at the hook after a few hundred 

revolutions. 

(iii) 'The butts "of the 0.443 mm needles, that were 

tight in their tricks: broke frequently. When the machine was 

stopped, the butt fracture on a particular needle was 

sometimes caught in a transition stage, i. e. before it had 

completely seperated from the shank; it then showed a 

characteristic bending at the top, as shown in Fig 11-2. 

Often , the butts of needles that were free in their tricks 

failed at high speed; however, this time the transition 

stage showed that fracture originated from the base-of the 

butt; this particular, form of failure was reduced when a 

light smear of oll -was 
applied to the surfaces of the guard, 

stitch and raising cams. Before the oil was applied, the 

J 
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. 
bounce detector w. aa switched on, at articular needle that 

waz free in its, trick was, selected for a test, and. approximately 

ten needles on each side of it were removed from their tricks.. 

The bounce trace of the teat needle a. s, it passed-along the 

guard-cam is shown in diagram I of Fig 19.55. S. imilarlyr the. 

., trace of as tighter, but otherwise similar, needle is, shown 

,, 
in diagram. II. The traces; clearly show the excessive amount 

, of "chatter", as. the free- needle passed along- the surface of 

.. the guard cam. A, light smear of, oil was then applied to. the 

tam surfaces:, and. the, free needle was . re-run. and bounce t races 

again recorded . Although diagram III of Fig 19.5 shows that. 

there was still an excessive amount of chatter on the guard- 

cam surface ; the oil certainly reduced, the number of the 

fractures which, initially started at the bottom of, the butt.. 

but, it, had little effect upon the number of fractures, which 

initially started at-the top of the butt.. 

(iv) The breakage rate, wvaa very sensitive to changes, 

in the cross-sectional area of the needle hook and it appeared 

that failure occurred.. filightly. more readily if the depth 

, rather than the width was; reduced,, as shown in diagram I Pig 

, 
1i9"6. The method of reducing the thickness of the needle hook 

was carefully controlled so as to avoid any stress, concen- 

trations that could act as crack starters.;, this is. shown. in 

diagram II Fig 19.6. if the cross-sectional area of any 

particular part of the needle shank was. reduced to approximately 

the same area, as a. standard needle hook. then fracture occurred 

, quite frequently across the reduced section.. 

(v)- Several shaped needless were produced, and theca 

are shown in. Fig 19.7. The needle shoran in diagram 
11 

I had a 

J 

sharp termination near the hook and, during the high speed 
.L. x 
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tests of a sample of these needles it was found that, instead 

of breaking at the hook bend, they tended to break across the 

section A- A. The failure rate was approximately the same 

as the hook failure rate of similar standard needles. The 

hooks of a group of needles were removed as shown in diagram 

II of Fig 19.7, and, just below the position of fracture, a 

fine cut-out was made in the shank; care was taken to see 

that the cut-out was carefully polished to remove scratches 

that could possibly act as stress raisers. During subsequent 

tests., fracture occurred across the cut-out at approximately 

the same rate as hook failure of standard needles in the 

same tricks.. Many tests were made with a'range of needle 

shapes with cut-outs at various positions, these being 

indicated in diagrams III to v Fig 19.7. Sometimes failure 

still occurred at the hook, but generally the needle fractured 

across the shank at the position of the cut-out. 

(vi) A needle was modified by cutting seven wedges 

in the shank. The position of the wedges is shown in diagram 

VI Fig 19.7 and, according to the theory derived in section 

the reduction of amplitude through the wedges is 

governed by the-equation : - 

0.94 0.646, 

Oll 

where O= the magnitude of the wave transmitted 
to the needle head, 

and Oi = the magnitude of the incident wage 
propagated up the shank. 

There were no hook breakages during the high speed tests. but 

the shanks of the needles fractured several times at section 

(3 -ß in diagram VI Pig 19.7. The breakage rate, for 

fractures across the shank, wasapproximately the same as the 

rate of hook breakages when 0.443 mm standard ncedles, were.; 

J 



-. inserted in the same tricks. However, this. experiment did 

not prove that needles with wedge cut-outs are incapable of 

reducing hook failure by reducing the transmitted wave 

amplitude; it only proved that the wedges need to be very 

carefully designed to avoid stress concentration at the 

corners. 
(vii) The guard-cam was removed., -so that the needles 

only impacted the stitch-cam. During a, test" involving 

several 
thousand machine revolutions, none of the free: needles 

either broke at the. butt or the hook. -However there was, 

considerable butt damage to-the. -needles that were tight in 

their tricks. As soon as the guard-cam was refitted, the 

free needles showed signs of-hook and butt damage. 

(viii)' Sometimes when needles were fitted in a 

particular trick, hook failure occurred very frequently, even 

. 
though the needle in question did not appear to be particularly 

free in the trick. There were often marry similar needles 

-in, adjacent tricks that were-very free by comparison, but these 

did not fracture at anything near the same rate. The stitch-- 

cam-impact transducer, using the special attachment for 

guard cam impact measurements, was connected into the circuitry 

and switched on. The method of using the instrument to obtain 

traces was the same as that detailed in section 11.2. The 

vertical and horizontal component of guard-cam impact was 

measured for each of the needles in turn and in all 

approximately, thirty traces were obtained. Without exception,. 

the frequency of hook fracture shewe a direct relationship ta 

tho magnitude of guard-cam impact. Samples of the traces 

obtained are shovm, in Fig , 1998, and the type, of needle fitted 

I 

'in 
.. 
the trick and the number of machine revolutions to fracture, 
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are, shown-next to each diagram. The needle-trick 

combination with the highest rate of hook failures 

corresponded to the largest impact magnitude, and the second 

highest rate to the second largestmagnitude impact, and so on, 

until the needle-trick combination with the minimum fracture 

'rate was seen to correapond to the minimum impact. 

(ix) Throughout the tests, the majority of the 

fractures occurred at the hook and butt, but sometimes 

fractures occurred at a point below the latch pivot, as shown 

in Fig 11.2. When all the needles that had fractured a't this 

position were compared, it was observed that the fracture 

surface, and position of the fracture, were almost identical 

for every needle. A microscopic examination showed that the 

cross-sectional area of the needle at this fracture surface 

was scarcely different from the area of the needle at the 

hook bend, where the majority of fractures occurred. It was 
also noted that the hook bend, and the fracture position 

below the pivot, were each points of minimum cross-sectional 

area on the shank of the needle. During high-speed knitting, 

it is unlikely that fracture would occur below the latch 

pivot, because the yarn ten'6. ion acting upon the hook would 
impose a bending stress on the hook in addition to the stress 
transmitted by the wave process; this would make the hook 

bend a far more likely position of failure. 

19.3 Conclusions. 

Throughout the experiments detailed in section 9.2.1 

the three most common positions of needle breakage were at 

the butt, at the hook, and just below the latch pivot. 

Evidence concerning the mechanism of fracture, as obtained 
ý,,. 

from the experiments, is briefly summarised as follows 

(i} Breakage of the butt, with the fracture 'initially 



originating from, the top of the butt; this. form of fracture 

occurred in needles, that were tight in their tricks, and: from 

the results (vii); of section 19.2.1 , was due to stitch cam 

imract. 
,, ý. 

{ii) Breakage 
. of the butt,. with the fracture 

initially originating from the bottom of the butt.; this. 

form of fracture occurred in needles that were free in-their 

tricks. The results., of, the, experiments, particularly those 

d. Qtailed in (ii) and (vii) of section 19.2.1 indicates, that: 

this form of fracture wa, &. probably caused, by either guard- 

- cam impact, or high-frenuency chatter on the guard and raising 

cams. 
(iii) Breakage of the head occurred in needles that 

were free in their tricks. The breakage rate was very 

sensitive to the cross-section. area of the hook if the 

area was reduced slightly, the incidence of fracture increased 

appreciably-. The results of the-experiments., and particularly 

those detailed in (i)'r (ivy and (vrii) of section 1 9.2.. 1 , 

. indicate that the most likely cause of fracture is the guard- 

cam . 
impact! and those detailed in part (v) section 19-2.1., 

. proved that the incidence of fracture was directly related to 

the magnitude of the guard-cam impact. During the knitting 

process, it is. probable - that, the destructive stress acting 

upon the hook is a comhination. of the high magnitude impact 

stress and a, bending stress- imposed by the yard-. 

(iv) The experiments gave no clear indication-concern- 

ing the reasons for the breakage of'the needle shank at a 

'position approximately 1 mm below the latch pivot, except 

that it appeared to be caused by the same mechanism as, hook 

breakage. It was also noticeable that the area. of the hook 

and shank 'breakage waa a, minimum. in. each case. Hoolc 
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destruction could be caused either by the plane transmission. 

of a stress pulse along the needle shank, or by an unfavourable 

combination of reflected and incident waves whose respective 

phases are such that, " when the wave intensities are added 

together, very high stress magnitudes result. The evidence 

of the experiments detailed in section 19.2.1 (v) and (vi). 

pointed towards the plane transmission of a high magnitude 

i 

stress pulse as being responsible for failure rather than 

an addition of waves. The evidence is briefly summarised 

below : -- 

(i) Needle fracture occurred wherever the area. 

of the needle was reduced to a cross-section comparable to 

the hook. 

(ii) The breakage rate was dependent completely 

upon impact magnitude, and was not very sensitive to changed 

in the needle geometry. 

(iii) When a small reduction of area was- made just 

below the original hook fracture, the needle, during subsequent 

tests, fractured at the reduced area. 

The needle modified with wedge sections did not reduce 

the number of fractures, but the majority of the breakages 

occurred across the stress concentration at the base of the wedge. 

The machine could not be run for sufficient time to test 

for fatigue However, it was noted that the tighter the 

needle in the trick, the longer the time to hook failure,, and 

most of the very tight needles failed at the but before there 

was any discernable head damage. 

ýý\ 
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- CHAPTER 20 

STRAIN-ME SUREMiENTS.. ON THE NZEDLE 

20.. 1 Introduction. ' . 

i Knitting machine needles are designed to meet complex 

knitting requirements, and consequently relatively little 

attention has been given to the problem of minimising the 

destructive effect of the dynamic forces generated during 

the knitting process. If a succesful high-speed knitting 

machine is to be produced then the needle design, from: both 

the knitting and dynamic aspects, must be carefully optimised. 

A large amount of theoretical work, concerning the wave 

process in the needle, has been carried. out by J. I. and E. I. 

Petrow33 
to 37 inc. A_t this stage it was considered; 

essential-to obtain experimental measurements of the 

transmitted wave because, without such experimental knowledge,. 

the existing theories cannot be verified or modified, thus 

limiting future progress. 

The ultimate objective is to determine the needle's 

response to-high speed loading, by using either experimental 

or reliable theoretical techniques, and then to use such 

results to optimise needle design prior to their mass 

production. Two techniques were developed with the purpose 

of determining, the magnitude and form of the pressure wave; 

the first was by means of strain gauges, as detailed in this 

chapter, and the second was by means of dynamic photoelas'ticity, 

as is detailed in chapter 21. Both methods had inherent 

advantages and disadvantages, and these are outlined in the 

respective sections of each chapter. 

20.2 Advantages and Disadvantages of using Strain Gauges. 

Mounted on the Needle. 
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Strain gauges are probably the only method of. obtaining. 

measurements from a needle as it passes through the knitting 

cams. However, apart from bonding problems, they have two 

basic disadvantages for this type of work, namely : - 

(i) They can only give point measurements, and thus 

cannot give a complete picture of th, - stress-wave pattern 

over the complete needle. 

(ii) Even the smallest strain-gauges available are 

relatively large compared to the needle sections near the 

hook: It is highly likely that complex strain patterns exist. 

at the hook, but the gauges can indicate only an average 

strain intensity on the area under the sensitive element. 

However, strain gauges possess the important advantage 

that they can be used on the'actual needle while it is moving- 

through the knitting-process.. The photoelastic technique, 

detailed in chapter 21 basically overcame the disadvantages 

of the strain-gauges, but it had the disadvantage that it 

could only be used on a transparent model material. It was 

hoped that the features of the two techniques, photoelasticity 

and strain-gauges, would compensate each other, and together 

provide a powerful experimental technique for measuring wave 

propagation. 

20.2.1 Micro-Miniature Strain Gauges. 

As the needle hook cross-section is. very small, it 

is essential that the strain gauges bonded. tc the shank. 

should also be as small as possible. The miniature semi- 

conductor strain-gauge, as used throughout the experimentation. 

in the previous chapters, were far too large for this. 

application. The strain gauge selected for the measurements, 

was a micro-miniature foil-gauge, with a grid length of only 

0.010 in. Obviously, with such a tiny elementr there were 
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severe bonding problems and these are detailed in the next 

section. 

s. 20.3 Positioning and Bonding the Strain-Gauge 

During the knitting process the needle shank is enclosed 

within the trick walls, and it is very difficult to fit the 

gauge on the shank, because there is very little clearance 

between the needle and the walls, and the gauge would be 

quickly rubbed off. 'Fortunately, however, there was a recess 

in the trick wall, as shown in diagram I Fig 20.1, and,. if 

the gauges were bonded to the shank at this position, then,, 

provided the total vertical movement of the needle was. 

controlled, no damage would occur to the gauges during the 

needle's passage through the cams. The maximum vertical 

motion of the needle was controlled to a value equivalent to 

the slot height (see Fig 20.1) minus the total length of the 

strain gauges and tabs; this was approximately 0.18 in.; 

(Lj. 6 mm). The positioning of the gauges, including the bridge 

circuit, is shown in diagram IT Fig 20.1 . Two gauges. were 

bonded to the needle, one on each side of the shank.. It was 

probable that there would be a large amount of bending 

vibration after the impact: end, if only om gauge had beeen 

fitted, it would have been impossible to separate the 

longitudinal component of signal from the bending component. 

Additional to the two gauges fitted on the needle shank, 

a gauge was also bonded to the hook bend of another 0.443 mm 

standard needle., ` as shown in diagram. I Fig 20.2. A special 

apparatus (see diagram II Fig 20.2) was built to facilitate 

gauge bonding, consisting of a means of holding the needle 

while the gauge Was applied to the surface and also of a means 

of applying a uniform pressure to the gauge after bonding. 



20.4 Electrical Circuitry. 

The stain gauges bonded to the needle shank were 

connected into a Wheatstone bridge circuit as shown in 

diagram II Fig 20.1. 
, 

As the needle is fitted in the trick 

on the rotating cylinder it was necessary to transmit the 

signal from the rotating system to a stationary signal 

display instrument. Fortunately, this problem-, had been 

solved during the design of the yarn force transducer, shown 

in Fig 6.1, and the yarn transducer was, therefore disconnected' 

from the amplifier and the two minature foil gauges connected 

into the circuitry in its place. The circuitry associated 

with the yarn-force transducer is shown in Pig 6.5, and a. 

description of the operating method is given in section 8.1. 

The amplifiers needed slight modification, to suit the 

different current. requirements of the foil gauges, and this 

meant a change of the resistance values on the bridge supply 

side of the amplifier. 

The gauge bonded to the needle head was connected into 

a Wheatstone bridge circuit as shown in diagram III Fig 20.2. 

To use the device it was only necessary to disconnect the 

bridge circuit containing the two gauges bonded to the needle 

shankp and then connect the bridge to the gauge bonded to the 

needle hook. 

20.5 Calibration. 

The needle shank's gauges were calibrated in the manner' 

shown in Fig 20.3. The test needle was clamped in a supporting 

bracket,. weights were applied to the needle hook, and the 

output signal from the gauges was amplified and stored'. on 

the Tektronix oscilloscope. The circuitry used in the 

calibration was identical to that used in normal measurements. 

The needle hook's gauge was only used for qualitative 
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measurements, because it was extremely difficult to calibrate 

due to it's being fitted to a curved portion of the needle 

hook. 

20.6 Experimental Method. 

(The method of obtaining measurements using the needles 

with the gauges bonded to the shank and hook was very 

similar to that used to obtain guard-cam impact measurements. 

In adjacent tricks, needles without butts were fitted as 

shown 'in Fig 14-1, and the stitch-cam impact transducer, 

together with the attachment to adapt it for guard cam impact 

measurements, was fitted to the knitting machine and set so 

that the cams were only 0.15 mm from the cylinder. 

The method of setting up the trigger to fire the 

oscilloscope just when the needle hits either the stitch 

cam or the guard-cam was identical to that detailed in 

section 14.2 and 8.1.1. The method of operating the circuitry 

originally associated with the yarn-force transducer is 

described in cecti. on 8.1. 

The gauges bonded to the needle sides were arranged' 

so that the bending component of stress- was minimised. 

However, if the bending signal was considerably larger than 

that of the longitudinal stress, then differences between 

strain sensitivity of the two gauges could result in a. bending 

signal as large as the longitudinal strain signal and it 

would be difficult to separate them. Initial measurements,, 

which are detailed in subsection 20.7, showed that there was 

a large bending component of strain, and a technique was 

developed to separate the bending component of the signal 

from the longitudinal component. The strain-gauges were 

individually calibrated to determine precisely the strain 
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sensitivity of each gauge. Initially, the gauge resistance 

was measured as accurately as possible; then it was 

disconnected from the Wheatstone bridge circuit and a 

resistance equal to tie gauge resistance was substituted' in 

its place. With just one active gauge on the shank, the 

calibration was carried out as shown in Fig 20.3. After bot4 

strain gauges had been calibrated individually, the gauge- 

factor of the most sensitive gauge was reduced so that the 

strain-sensitivity of both gauges corresponded exactly. The 

method of reducing the gauge factor was by the insertion of 

resistances in series with the gauges,, 

" 20.7 Measurements obtained from the Gaunes on the Needle 

Shank. 

Before embarking upon this experiment, some care was 

taken to ensure that the strain sensitivities of both 

gauges were carefully matched to eliminate the bending compon- 

ent of the signal. The method of carrying out the particular 

tests was discussed in section 20.6, and the initial 

experiment consisted of measuring the effect of machine speed 

upön the impact waveq. Samples of the traces obtained are, 

given in Pigs 20.4 (b), (c)", and (d); Fig 20.4 (a) defined 

the experimental parameters. 

The results clearly show a high magnitude pulse at 

the exact location of guard cam impact; they also show two 

stitch cam impact pulses. A considerable amount of 

disturbance is evident after the guard cam imps et and this 

becomes more prominent as the machine speed! ie increased. It 

is also apparent, from the trace, that the guard cam impact 

pulse is compressive. A graph of the impact magnitude against 

machine speed is shown in Fig 20.5. 
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20.7.1 The Bend in 

! {5C 

Stresses on the Needle e C2 

One of the strain gauges bonded to the needle shank 

was disconnected from the Wheatstone bridge circuit and a 

resistance equivalent to the gauge resistance was substituted. 

An experimental trace, using the one active gauge, was 

obtained and this is shown in Fig 20.6 diagram I. The other 

-ý- gauge was the re-connected into the circuitry, the gauge 

used for the measurement in diagram I being disconnected, and 

another trace was obtained at the same speed, (see diagram II 

Fig 20.6). As the different strain sensitivities of each 

gauge had been measured during calibration the output from 

the least sensitive gauge was multiplied up graphically by 
i 

the ratio of the two sensitivitiesp thus ensuring that the 

gauges were equally responsive to the same load:. For the 

gauge on one side of the shank, the strain approximates to 

-e = eL+eb 
where -0- strain recorded' by gauge, 

e1= tensile or compressive strain, 
and, e6= bending strain. 

On the other side of the shank, the-strain is given by : - 

e=e, eb 

If the trace from one of the gauges is subtracted from the 

trace obtained from the other, then the resulting strain is: -- 

(. e,. - ee) - (e,, 
- eb) 

--ý Zeb 
The above equations were used to graphically derive 

the bending strain. The analysis for a machine speed of 

248 ft/min (1 . 26 m/sec) is shown in Fig 20.7. 

Many tests were carried out at varying machine speeds,. 

and it was evident that the intensity of the bending strain 

increased as machine speed increased. It was also obvious 



that the peak bending stresses occurred in the region of 

the two stitch-cam impact pulses. The shift of the D. G. 

level, shown on Fig 20.6, indicates that as the needle is, 

moved vertically in the trick it is deformed slightly to 

increase the mean level of bending strain. 

20.8 Measurements obtained from the gauges on the Needle 

Hook. 

At varying machine speeds, tests were carried out 

to measure the strain in the needle hook resulting from the 

impact process. The method of obtaining the measurements 

and of setting the oscilloscope trigger was discussed, in more 

detail in section 14.2 and 8.1 .1"A sample of the traces 

obtained, including details of the important parameters, is. 

given in Figs 20.8 (a), (b), and (e) . 

Further discussion concerning the shape of the 

response is included in section 20.9. 

20.. 9 Conclusions. 

The gauges bonded to the needle shank responded to 

bending component and a longitudinal component of strain. 

At'the instant of guard cam impact, a large sharp compressive 

pulse was evident and this became more prominent as machine 

speed was increased. The compressive pulse had a Iarger 

magnitude than the two pulses; originating at the instant 

of stitch-cam impact. Following the large compressive pulse,. 
there was a considerable amount of wave disturbance which grew 

in magnitude as the machine speed was further increased. 'There 

was also evidence of a large bending component of strain,. 

Which originated from the stitch-cam impact. 

Tile gauges mounted close to the needle hook indicated. 

an equal distribution of compressive and tensile strain.. The 

two initial stress oscillations change-. little in shape as 
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speed was increased; however there was evidence of a pulse, 

reaching large magnitudes, occurring soon after the instant 

of guard-cam impact. The high magnitude pulse shown on, 

diagram II of Fig 20.9' (b) was not evidenced on all the traces, 

even at higher machine speeds, but what was evident was the 

increasing amount of wave disturbance. An interesting feature 

of the traces obtained from the gauge mounted on the needle 

hock is the large number of stress reversals, tensile to 

compressive and vice-versa. At 402 ft/min (2.00 m/sec), 

following stitch and guard cam impact, there are at least 

fifteen clearly discernable stress reversals shown on diagram: 

II of Fig 20.8 (b). On a commercial machine, where there 

are a large number of impacts over a relatively short time 

interval, there would be a considerable number of stress 

reversals after a . few: days normal operation. Stress reversal is 

compatible to a fatigue mechanism for fracture, where impact 

magnitude, machine speed, and the number of cams, could all 

be impartar: t parameters affecting needle life. Combined with 

stress reversal, there is the clear evidence of a high 

magnitude pulse at the instant of guard-cam impact. 

A considerable quantity of work could still be usefully 

carried out using strain-gauges mounted on the needles. 

However, it was decided to combine further measurements with 

the photoelastic analysis, so that both techniques should 

augment each other. For example, if a successful modification. 

was evident from the photoelastic analysis, it could. be 

subsequently tested by means of strain gauges mounted: on the 

shank and hook. 

\ý 
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I 

Effect of Machine Speed upon the 

Wave propagated up the Needle Shank 

Parameters. 

Cam-Cylinder Clearance 

Scales 

Diagrams I to Iv 

Diagram V toVii 

Time 

Diagram I 

Diagram II 

Diagram III 

Diagram IV 

Diagram V 

Diagram VI 

Diagram VII 

Needle type - 0-443 mm see Pig 3.2 

I 

-=0.. 15 mm (0 . 006 in . ); 

=98gi'/mm 

= 245 gf/mm 

= 100 x1 0r&' secs/8.5:. mm 

tt tl 11 IU 

If it. It. If 

11 It It. It, 

= 50 z. t0-`g' secs/8.5 mm. 
it IP flr Ih 

ff Ih Ih Ih 

Parameters for traces shown in 

Fig 20 . 4(b (ý), and (a) "Y, 

Fig 2Q. 4(a) 
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DIAGRAM IV 
325 ft/min Guard cam impact 

I 
ý, L12C gf 
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EFFECT OF bL'%. SPE ED CM TER 

WAVB PROPAGATED UP TEE r ; EULE 
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0«443 mm needle 
Cam-Cylinder Clearance 0.15 mm 
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Guard dam impact 

DIAGRAL Ill 

264 ft/min 

200 secs/d iv 

Stitch cam impact 

Guard, cam impact 

_C) ý"f -4 

D I}+ Gkr+i"l: iV 

402 ft/min 

200 sec:,, '_: iv 

Stitch clan. i icct 

49° Cam Fig 4.3 
0.443 mm needle 
Cam-Cylinder Clearance C. 15 mm 

STRA IN-NAVE AT HOOK 
(264 and 402 ft/min) 

Fig 20.8(b) 
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DYNAMIC PHOTOELnSTICITY 

2'1. ý; Introduction. 

Dynamic Photoelasticity53 
to 62 inc is a technique 

which uses polarised monochromatic or white light to observe 

the process of stress wave propagation through structural 

components. 

Used for the measurement of impact propagation, through 

the needle, the technique has some important advantages but 

it also possesses some severe limitations, and these are each 

summarised below :-' 

(i) As photoelasticity is a whole-field measuring 

technique, it has a distinct advantage over strain gauging 

techniques (chapter 20)' in that it provides a complete and 

continuous picture of stress-Wave propagation through the 

needle. 

. 
(ii) It is relatively easy to examine wave propagation 

at any time interval after the initial impact'. 

(iii) It is difficult to quantitatively determine 

stress magnitudes., because the normal static photoelastic 

techniques for determining the principal stresses cannot be 

used. 
(iv) For stress-wave considerations the most important 

region of the needle is the hook; unfortunately this is far 

to small for detailed photoelastic analysis, and the model 

must be considerably enlarged. Unfortunately, with such 

differences in scale between model and needle, the problem of 

dynamic similarity and the ie)ationship between the responses 

becomes very difficult to interpret. 

a. 

d 



(v) It is difficult to ensure dynamic simalarity 

between the pulse applied to the plastic model and the impact 

applied to the needle during the knitting process. 

At the time of. writing this thesis, the work carried 

out on dynamic photoelasticity is at an *early stage and no 

experimental measurements have been obtained; however an 

experimental technique has been evolved and many of the 

technical problems have been solved,. 

21.2 Dimensional Analysis. 

The shape of the pulse applied to the model should; 

be similar to that applied to the prototype.. -(i. e. the actual 

needle), and should have the same, scale factor as that used, 

forthe linear dimensions of the--model. For example 
Il ° 

ý 

(1 73) 
X. Tm 

where F, = Force applied to the protoype 
F,, = Force applied to the model 

and = Linear prototype to model scale i7'M factor. 

Similarly, for the shape of the pulse to be the same for the 

prototype and model :- 

SFp 
_, 

9F, 
.. _ , 8 ýF sxr, 

Corresponding stress distributions exist in both model 

and prototype when the stress waves have travelled 

corresponding distances, i. e. when :- 

i k 
en ̂L cý 

` 
ýý, (ýP), (ep 

t P LP C', LP EM 
for rods, and similar cases, when : 

and where 

cý ýý'` (1 / AV 

vP 

" 

"' (175) 

LM = model distance, 



, 

L 

I,; 0 O0 

prototype distance, 

Cp = propagation velocity for prototype 
CM = propagation velocity for model, 
EP ^ Youngs Modulus for material of prototype 

im Youngs Modulus for material of model, 

P 

Pfi density of model material, 
e density of prototype materiall, 
P 

ym = poissons ratio of model material,, 

and yp = poissons ratio of prototype material, 

Due to the high viscoelastic damping of model. materials, 

however, quantitative interpretation must be restritced to the 

initial phases of the response to impact only. 

21.3 Apparatus and Circuitry. 
` 

Fig 21 .1 is a diagram showing the circuitry, and 

Fig 21.2 shows the essential construction of the measuring 

apparatus which is based upon a technique suggested by 

H. Becker54. 

A pendulum hammer impacts the plastic model Which is 

constrained horizontally between two transparent plastic 

walls to simulate the trick constraint. At the instant of 

impact with the plastic model, a circuit is closed and a 

signal is transmitted to the retard circuit. Depending on 

the particular settings on. the retard circuit, the input 

signal is delayed for a controlled time interval which can 

be adjusted between 1x 10-9 seconds and 1x 10-3 seconds. 

The delayed output signal then triggers the carbon-- 

arc unit which produces a high intensity flash. The light 

from the flash passes through a polariser, the model, and 

analyser. The image showing the photoelactic fringes is 

recorded by an open-shutter camera. The major advantage of 
the technique is that, by adjusting the time-delay, the wave 

motion can be photographed at any pre-set time interval after 
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the initial impact. However, the technique depends upon the 

absolute repeatability of the input force, the delay time, 

and the triggering-position. 

A. major limitation to the experimental method is that 

the needle must be capable of free vertical motion in the 
i 

plastic guides. If there was any vertical constraint in the 

guides, then the experiment would be unrepresentative because 

the needle, during the knitting process, is free to move 

vertically in its trick. If the needle was indeed constrained 

vertically in the trick a much better system could be used; 

this would involve impacting the needle at a high frequency, 

by a bell mechanism or something similar. The flash would be 

at the same frequency but delayed by a fixed amount depending 

upon the settings on the-retard circuit. A. stationary image 

could then be displayed on a screen before a photograph was 

taken and, simply by adjusting the delay, the position of the 

wave could be observed at any instant of time after the impact 

The apparatus used in the photoelastic examination is 

discussed below. 

21-3,1 The Triggering Method. 

The retard circuit is designed 80 that, when a junction, 

is closed between the two input terminals of the circuit, a 

voltage signal is generated inside the device. A thin small 

steel shim was glued to the model needle very near to the 

position oL impact and one wire from the petard circuit was 

connected to this shim. The other wire rus connected to the 

hammer and, when the hammer made contact with the model and- 

sbim, it closed the junction. 

21 . 3.2 The Retard Circuit. 

The retard 'circuit transmits a nine volt signal to 
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the flash unit, at an adjustable time-delay.. after- generating 

the input voltage signal- from the trigger circuit. 

21 -3-3 The Flash Units. 

To arrest the wave motion and record. a distinct 

photograph it is essential that the flash has a very short 
6 

duration, i. e. approximately O. L. x 10 secs. The major 

problem with t is type of work is the amount of light that. 

can be concentrated into the model during the flash duration. 

The amount of energy released should be at least 100 Joules, 

to obtain, a reasonably detailed: photograph. Unfortunately 

the flash unit shown. in. Fig 21 . 1., while satisfying the time 

requirement, provided insufficient energy, and the initial 

photograph:; did not develop succesfully. At the time of 

writing the thesis, the circuitry is. being adapted. to use a 

ruby pulsed laser; this has. a very short flash duration with 
I 

an output energy of approximately 100 Joules. 

21-. 3-4 Ultimate Obi ctive of Photoelastic Analy 

Eventually, it should be possiblo to use this 

technique to examine and test needle design before commercial 

needles are mass-produced. Obviously, the measuring 

technique would have to be-optimised before it could be used 

commercially, and this might necessitate a, cheaper 

alternative light source, or method of increasing the light 

intensity, to replace the expensive pulsed. laser. However, 

as the latter was available for use with other research in 

the Department,. it was adopted. for this application. 

In the future it should be possible to manufacture a 

plastic model of the needle, test it under impact conditions, 

modify it if necessary, and test each stage of the design. 

process. Finally, a commercial needle could then be produced, 
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having been designed specificully to withstand the dynamic 

conditions simulated during the test.. 

I 
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CHAPTER 22 

CONCLUSIONS TO PART E 

22.1 Introductory Discus-9,1-on. 

Experimental measurements, using the dynamic 

photoelastir, technique,, have not been obtained at the time 

of submitting the thesia Obviously, when' the analysis. is 

completed, a wide range of important conclusions. concerning 

the wave propagation through the needle will be available, 

but at the moment the results are somewhat incomplete. 

However, a summary of the other results, contained in chapters 

19 and. 20, is presented below. 

22.2 Summary of Conclusions contained in Chapters ig and 20. 

(i) Butt fractures were common: for needles, tight 

in their tricks, when they impacted relatively steep stitch-- 

cams at high speed.. 

(ii) Butt fractures often occurred at high speed 

impact with the guard-cam, if the trick resistance to needle 

motion was low,, and if, the stitch-cam firing angle was steep. 

It was, not clear, during the experimentation detailed in 

chapter 19, whether it was tho magnitude of the impact, or 

needle chatter on the guard-ca', or a. combination of both, 

that was responsible for butt. fracture. 

(iii) Needle hoop fracture was dependent upon the 

magnitude of guard-cam impact. Fracture occurred more 

readily if needles that were free in their tricks, were fired 

off-steep stitch-cam angles. &t high machine speed. The 

breakage rate: is: very sensitive: to changes. In the needle cross. - 

s. ectional area at the hook; if the area, is. reduced the 
Y 

incidence of fracture increases.. 



47`J 

S 

(iv) Needle breakage occurs anywhere on the 

shank where the area of the needle is reduced to small 

proportions; this tends to contradict the suggestion of 

a'wave addition process being responsible for failure.. 

I(v) Results using the needle with the cut-out 

just below the normal fracture position, as detailed in 

section 19.2.1 section (v), suggested that hook vibration 

was not a significant cause of fracture. 

(vi)` There was a time scale in the needle destruction 

process. Needles with the highest magnitude guard-cam impacts 

broke at the hook more rapidly than needles with progressively 

lower magnitude impacts. 

(vii) Measurements using strain gauges bonded to 

the needle shank clearly showed a high magnitude strain pulse 

transmitted up the needle shank at the instant of guard- 

cam impact. The results'also showed a high proportion of 

vibration or wave disturbance following the pulse. Add- 

itional to the loz, gitudinal disturbance there was a largo 

bending strain at the instant of stitch cam impact.. 

(viii) Measurements, using the strain gauge bonded to 

the needle hook, showed a large number of high magnitude 

stress reversals combined with a pulse that increased in 

-- magnitude as machine speed increased. It appeared that the 

first four or five reversals resulted from stitch-cam impact, 

and the remainder from guard-cam impact. The result Cuggests 

a possible fatigue mechanism where the fracture rate would 

depend upon the number of cams, and on impact magnitude and 

machine speed. 

(ix) Measurements carried out using a needle with 

seven of the wedge cut-outs detailed in section 19.1 .. 2 were 

inconclusive; however it did seem that there was an 

`. 
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increased risk of fracture across the corner of the wedge. 

22.2.1 An Alternative Measurement Technique. 

Another possible technique for measuring the wave 

propagation, might be developed as future work, particularly 

.. if the current photoelastic technique does not live up to 

expectations. This involves building an enlarged steel model 

of the needle which would be strain-gauged. A catapult 

device could be used to propel the needle at high velocity 

against a hard cam, and the strain-gauge output could be 

recorded.. 
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RECOMMENDATIONS FOR THE REDESIGN OF THE 
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DESIGN OF KNITTING CAMS 

23.1 Introduction. 

The sponsors of this project were particularly 

interested in applying the results obtained' during the 

research, to the design of stitch and guard-cams for use on 

a future high-speed knitting machine. Further details. of 

the design brief, issued by the company, concerning the 

dimensions and operational requirements of the cams is 

contained in section 23.3. The cams are intended for a 

particular speed and knitting machine, and for any other 

application they would need to be redesigned; however, the 

techniques detailed in this chapter could be used for the 

design of any cams used for knitting operations. 

23.1 .1 Important Considerations in Cam Design. 

The design of cams to operate at high machine speeds; 

must, as-far as is possible, satisfy the important criteria 

given below :. - 

(i) Short-circumferential length. 

To increase the production rate and to obtain a large 

pattern area, it is important to maximise the number of cams 

around the machine circumference; this can only be accomplished 

if the circumferential cam-length is small. 

(ii) Stitch-cam impact. 

It is important that the stitch-cam impact should be 

minimised. Impact with the cams can occur at the normal 

knitting height, at the tuck-height, and at the miss-height, 

as sho= in Fig 15 -1 . 
(iii) Guard; -cam impact. 

Means must be provided to minimise the impact when 
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the needle leaves the stitch-cam and hits the guard-cam. 

(iv); Latch-. impact.. 

To minimise latch impact, it is important to reduce- 

the vertical velocity of the needle at the instant when the 

latch is flicking upwards to enclose the new yarn. The only 

obvious method of reducing the latch closing velocity at 

present, is to minimise the stitch cam angle. 

: 
(v) Loss of cam-contact. 

Loss of contact at the base of the stitch-cam can 

lead to non-uniform loop formation. The cam profile shouldt 

be designed so that all the needles lose contact atthe same 

precise position on the profile;; the subsequent motion of 

the needles can be controlled by blending the guard-cam. and. 

stitch-cam profiles to provide a smooth transition from one. 

cam to the other. 

(vi) Needle Bounce. 

Under particular circumstances needle-bounce, 

originating from stitch-cam impact, can extend to the loop 

formation zone; if possible this should be prevented, 

because it can lead to stitch non-uniformity. 

(vii) Vertical Adjustment. 

A commercial cam system must satisfy the practical 

requirements of the knitting process. One of these is that 

the stitch-draw should be variable, and usually this is. 

achieved by vertical adjustments to the stitch and guard- 

cams. 

(viii) Wear Resistance. 

Over a period of time, the cam-profile will change 
due to wear. It is important, especially for mathematically 

shaped profiles, to minimise such Wear, because the 
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inherent advantages designed into the profile can be 

completely lost as it is slowly worn. away. 

(ix) Machine "Lock". 

If steep cam, angles are used on a commercial 

machine with a large number-of cam-stations around the 

circumference, then, when the machine is started, it can 

"lock" and this tends to break the needle butts rather than, 

drive the needles through the knitting process.. 

(x) manufacturing Considerations.. 

If at all possible, the cam profiles should be 

relatively easy to machine and unexpensive to produce. 

(xi) Smooth transition. 

The cam profile must be designed so that there are 

no rapid changes of a needle's acceleration at it passes; 

through the system. Such a rapid change in acceleration: 

produces a high magnitude impact. 

(xii) Cam length in the loop drawing rergion. 

To minimise the number of yarn-needle and yarn-verge 

contacts it is important that as few needles as possible be 

used in the loop-forming zone. The number of needles 

drawing the yarn loop depends upon cam width at the verge 

height, see Fig 23-1 - 

23.2 The Circular Stitch Cam Termination.. 

It is common practice in cam manufacture to provide 

a radial--base to the stitch-cam, and the cam profile Fig 4.3 

used for the majority of the experiments detailed in chapter 
8 is a typical example. The circular cam profile was 

ana ysed in some detail in section ý 9.2.1. The inertial force 

was defined by equation (2G) 
, and Fig 9.3 defines tho 'cam 

co-ordinates. The equation had the form ;- 



Lt r5( ). 

and 
day 
äz 

where T= Inertial force, 

rt ^ needle mass., 
Y_ machine speed, 

and, ý4 are as defined in Fig 9.3. 

yC 

0 (17.7), 

Thd equation for the reaction force between a. needle 

butt and linear cam was derived in section 9.2-and had the 

form :- 

FP+r, ý+fcx)_M9 
c05 E) (I-«r, r2)'_ scnQ(rz+ o9Y. ) 

(All the terms are defined` in Fig 9.2) . 

When the needle is, on the circular stitch-cam 

termination then :- 

R_ 
F+p+pQ - mg+mv dxz/ +f (Y. ) 

0 (17-9). 
cos 8l- oý iý` } Je) "- 5 tt Q ýz + 

Loss of cam needle contact occurs when the reaction- 

00 

f (I -d (xc - x`2 
l 

ýy _ ýc13 ýy - ýc; 3 

6 (1 7 8), 

.ý ldýu 1 

force :- 

i. e., when, 

ýý d2 `.. z 
.ý mv dz 

ý -(F+P+riý4-, 3 +f(x) (Igo), 

Using 'equation (24) and (25) 
of section 9.2.1 

expressions for the maximum and minimum needle acceleration. 

" 

i 
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on the radial cam termination were determined. The 

analysis'used the equation given below :. - 
--ý 2ý 

dy T 
V2ýu dE2 dx 

-. (181), 

d2 where I is defined in equation (177) 
j dx? 

also 

t and 

From Fig 9.3 :- 

therefore, 

dy aý . 
ý- = dE dx 

cIy (,, 
c 

C4` lý2 + lxc` xý2 
J 

ýZ 2 

y2r - -v _____r . dEZ (y' yýýý 

0 

0.4 (182). 
Maximum deceleration occurs when - Jc . 

is a mirrimum. 

on the circular profile, and then ; - 
ýy - yýý _ rcos ß 

where: linear cam angle 

and Maximum Deceleration = r. v2 .. ' 183) 
(rcs3G. 

For example, when 0- 550j. and V'= 250 ft/min, 

for l" = 0.05 in.., (1.27 mm), maximum deceleration= -22,200 ft/coc2! 

and for 

1-= 0.2 in. (5.07 mm) p maximum deceleration. = -5,500 ft/sect. 

Minimum deceleration is when (LI .. 4=r 
`J Jc 

and therefore : 
. V2 

minimum deceleration 
r 

The highest magnitude deceleration occurs when the 

needle first contacts the radial cam termination. Dcpending 

upon the trick clamping and yarn-force for each needle, 
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there is a particular machine speed above which the needle 

will separate from the cam at the instant of contact with 

the circular termination, and below which the needle will 

maintain cam contact down, to the very base of the cam. 

From equations(180)and(181) ,; eperat ion occurs 
dz 

when F+P++f tx) 

For example, if tho needle is free in its trick, and 

the term F+P+ 
!' 

m9 is only equivalent to 20 gf,, 

and if the yarn 
z 
tension term Is. 50 gf, then seperation 

occurs when sy=2,884 ft/sec2 (879 trVsee ). 

d E2 
For there to be no separation on a 550 cam at 

250 ft/min (1.27 14/sec)-, then the radius must be approximately 

0.4 in. (10.1 mm)- 

23.2.1 Conclusions.. 

The radial termination to the stitch-cam has three 

important disadvantages. 
i 

(i) Because trick resistance to needle motion 

varies considerably from one trick to the other, some needles 

will leave the cam at the'beginning of the radial termination, 

where the cam has a maximum magnitude deceleration, and 

the others will maintain cam contact to the very bottom of 
the radius. Consequently, such different ncedle patha will 

produce considerable stitch non-uniformity. 

(ii) To ensure that all the needles maintain cam, 
contact at high machine speeds, the radius must be large 

compared to the dimensions of the cam. For example, at 
speeds of 250 ft/min (1.27 m/sec), the radius must be greater 
than 0-4 in. (10.1 mm). 

(iii) At the instant the needle transfers from the 



linear 'tä' the `radial profile, there is an impact resulting 

from the rapid change in acceleration. 

23.3 'Introduction-Design of a Practical Cam System. 

The brief from the sponsoring company was for a. stitch- 

guard cam system designed to reduce the incidence of needle 

damage and produce a more uniform. stitch formation when 

used at a speed of 30 revs/min on a 30 in, diameter machine 

{235"ft/min). The system had to be designed within the 

dimensions specified on Fig 23.2, which corresponded to a. 

550' 'linear cam. It had to be capable of accepting needles 

at various heights i. e. tuch height, miss height,, etc, 

and it had to be vertically adjustable to alter the stitch- 

draw. - 

23.3.1 Calculations.. 

From equation (f84), 
, separation; occurs the-- 

d2 
_1 

(F +P+ 6ý -m + f(x)) . 
- 1' 9 (um) 

On a commercial machine the trick resistance to needle 

motion varies considerably from one trick to an other. 

However, separation occurs. earlier' on the cam profile if the 

term 
P++F is, small. If there 

is very little oil in the trick, the F term can be considered. 

to be zero. The term P+ (1q can be approximated by 

measuring the force required to lift the needle vertically in 

its trick at a steady low velocity. The procedure for 

measuring, _P+ 
)f, q - Ir19 was described, in more detail. in 

section 9.5, and for the 0. L. L13 mm standard needle the value 

was 46 gf; this `was assumed to be normäl trick resistance, 

although considerable* variation was evidenced. A low value 

. u" 

of trick resistance is 20 Yf, and this figure was used in the 

subsequent analysis. It is possible that the trick 
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r 
J 

resistance could, _be smaller but this would be rare and 

would probably. only be as a result of trick damage. A low 

= value of the term -t 
(x) occurs, when small yarn loops are 

, 
being. drawn. 

The force exerted upon the needle by the yarn depends 

upon the 
, cam-profile in the loop formation zone, and it is 

impossible to define the tensions before a particular 

profile is designed. The results contained: in chapter 8 

showed that low yarn-force occurs when the input yarn 

tension, take-down tension, and stitch-draw are all small. 

. 
The yarn-force magnitudes measured in chapter 8 cannot be 

used for the design of the cams.., firstly because a, 

particular cam profile was used, and seccndly because a high 

speed machine would probably-not use the square sections 

verges shown in Fig 9.8. 

In the design of the cams, the value chosen. for T(x) 

was 70 gf, it is immaterial what value is chosen provided 

that, during the normal machine operation, it seldom. falls 

below 70 gf. The theoretical analysis, examined in chapter. 

9, can be used to define the minimum values of yarn-tension,, 

take-down tension, and stitch draw, to ensure that the forco 

P+ ýý - rn + (7c) does not fall below the chosen 

value on the cam-profile. 

From equation (1$5) :- 
dZy 

- -32 .2 
dtý 0 

and 
hence C2y - -i1., 32o ft/sec 

f t/sec2, 

" (ISG) 
aF 

The cams detailed in section 23.3.2 below, were 

designed, so that the needle deceleration on the can profile 

wasN\less than -4,320 ft/sec 2 
at a machine speed of 234 ft/min 

(1.19 m/sec). 

I 
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23.3.2 Sine-Sine Cam Profile. 

A'group of cams were designed, all from the junction 

of, wo basic mathematical curves. %. None of the cams 

completely satisfied' all the requirements specified in 

section 23.1.1, and generally a compromise was made. The 

most 
I 

restrictive specification is cam-length, and, if the 

stitch cam could be longer than the limit specified on 

Fig 23.2� then the design problems would be simplified; this, 

however, would mean fewer knitting stations around the machine. 

Atypical sine-to-sine profile is shown in Fig 23.3. 

The sine curve at the bottom of the cam was. designed using 

the condition that the maximum magnitude deceleration just. 

reaches the value specified' in section 23.3.1 at the cam-base. 

Using the co-ordinates shown in Fig 23-h., the profi7c, 

of the cam is defined by the equations 

asýn(6O 2<x < 26 . 

=d sin CnC c- 26)j 2ý _< 26 +2 

yJ 
ýy 

= va7c" cos 
(t(x) 3b ý xý 2b 

. at 
.II e1 

bý ýbJ z 

(187)y ' 

" (188), 

. (1sq), 

dy ydx cos 7t(x- 26) 26 44 xý 26 +z (190ý 
ý 

dE ýc 
z 

-v 
äx2 

strt ý nx 3b < 26 
d. E2 62 "bZ_ 

and dJ_ 

-V 7C Z%cz 26 ý. ý 26 +2 (19 2} 
. dE ý 

An additional requirement is that when : - 

x= 26 dy-= 
v6 T dt . G9ýý. 



where ýj. is-.., the cam angle at the junction of the two- 

curves. 

From equation: (189) and ((q3) 
163 

when x .- 

va7t 
= vFOR 7i 6 () 

N... ,.,., therefore :a "'" ý(_ (194) 
. 

Similarly from equations (1R0) and (193) 

when, x .-2b 

^ ran- 
... " 

c ýC 
Two cam profiles were designed, the first with an angle 

of '60°' and the second with an of 65°« At the bottom 

of both cams, - the deceleration just reached a. magnitude of 
2 

-4., 320 ft/sec i. e. the figure evaluated in section. 23.3. x,.. 

Cam-needle separation during knitting will., for the vast 

majority of the-need]es, occur at exactly the same position 

on the profile, and only very free needles will separate 

just prior to reaching the base. However, as the closed 

track between guard and stitch-cam was extended to cover the 

poscibility' of an_ early separation, as shown, in Pig 23.5, alh' 
the needles should follow the same path : - 

From the co-ordinates. 'defined in Fig 23.4 the base of the 

stitch-cam is at position 1Q 

where 

then fro, -, -l equation C I9 

... ýy 20 

- v-a7t- .. I. - 

Using 'equation(186)and noting from the co-ordinates rig 23.5 
that' v2 (equation(I96)) is a deceleration. 

then y2 d_ 
4320 

ti (197) 



Ik 
and when- Y= 235 ft/min (1 "4 9 aVsec) , 

2.42 12 
' 

Also as the designed cam depth is. a. known quantity,. 

thus, from Fig 23.5 : - 

ý. d. _g 
(199) 

" where- B equals the total cam depth. 

Combining equation (194)s(I95)r(l98) and (199)' a, br 

c, and d can be calculated. 

For the cam. = 60 0 
1*1 70. 

= 0.124 in,., 
6=0.225 in., 

C=0.562 in., 

and cL _ 0.310 in.; 

and, for the cam ý= 65°: 
a. = 0.187 in«, 
6=0.28 in., 

I 

C=0.316 in, 

and CL= 0,248 in. 

The two stitch-cams-. are show in Fig 23.5 and Fig 

23,5 respectively. 

If it is important that the cam-length should be a 

0 6 (200) 

Using equation(200)in conjunction with the four equations 

(i4) , (195) P, (1981 and ((Q9) r 
the cam angle can also be 

defined quantity, this requires that 

6-fc = 2A 

where A= the length of the Stitch-ýcari. 

evaluated. 

One stitch-cam and guard cam with an angle of 7= 60c" 

was manufactured. Fig 23.6 diagram I shows the cam track, 

and some important features of the design are the closed- 
tracking at the car. -base to ensure stitch-uniformity, and the- 

continued sine curve profile at the base to remove an impact 

causedby a sudden change of acceleration when the needle 



leaves the stitch-cam.. 

Another feature of the guard-cam design shown in-. 

diagram II of Fig 23.6, is the increased land-width. The 

experimenti. l results detailed in erection 16.6, showed that 

increasing the cam cylinder clearance decreased the magnitude 

of the guard-cam impact.. Increasing the land width 

distributes the impact over a large butt area, and effectively 

increases the cam-cylinder clearance.. 

23.3.3 Features of the Sine-Sine Profile. 

The 65a, and the 600 sine-sine cams do not satisfy all 

the requirements stipulated in section 23.1'. 1. The important. 

features of the curves are illustrated' below -0- 

(i) The 600 cam e- 

Cam-length 25, % long6r than 55 o: linear cam. 
Stitch-cam impact 40 to 45 depending upon stitch-draw. 
Guard-cam impact non-existant up tol a machine speed of 235 ft/min.. 
Latch-impact 550 cam angle. 
Tuck-height impact 550 cam angle. 
Total draw length 0.08 in. (2.03 mm). 

(ii) The 650 cam : - 
Cam-length 2% shorter than 550 linear cam. 
Stitch-cam impact 48 to 580 depending upon stitch-draw. 
Guard-cam impact non-existant up to 235 ft/min. 
Latch-impact 600-- 
Tuck-height Impact 600 
Total draw. length 0.075 in. 

The 650 cam would be unsuitable for high-speed 

operation due to the steep angles at tuck and latch-closing 

height. 

23-3.4 Sine-Cirenlar Cam Profile. 

This cam profile was designed to overcome the basic 

disadvantages with the sine-sine cams:. The angles of stitch 
cam impactv, latch closing, and tuck height impact, are all 

much less than the angles for the sine-sine curves. However, 

the basic disadvantage of the curve is that there is a step 
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change in acceleration where the circular profile joins the 

sinusoidal profile. - However, the. impact resulting from the 

change in profile will, be considerably less than the 

primary impact when the needle hits the stitch-cam. 

The cams were designed using exactly the same procedure 

as detailed in section 23.3-2. Figs 23.7 and 23.8 are 

diagrams showing both cams with radii of 0.675 in. (17.2 mm) 

and 0.585 in. (14. "85 mm) respectively.. The guard-cam was: 

also designed following the'method desribed in section 23.3.2. 

However a flat-portion was provided at the bottom of the 

0.675 in. radius stitch-cam. - In the subsequent experiments� 

the flat portion and its effect upon the loop-drawing force 

was determined. For further information concerning future 

work see section 23-3-6- 

23-3-5 Features of the Sine-Circular Profile. 

The imprtant features of the 0.585 in. and 0.675 in, 

cams. are presented below 

(i) The 0'. 585 ir_ radius cam. 

Cam-length 10% longer than 550 linear cam. 
Stitch-cam impact 35 to 400 depending upon stitch-draw. 
Guard-cam impact non-existent up to a machine speed. rof 235 ft/min.. 
Latch-impact 500 
Tuck-height impact 450 to 500. 
Total draw length"r 0.08 in. (2.03 mm) 

(ii) The 0.675 in* radius cam. 

Cam-length 5/76-longer than 550 linear c. m. 
Stitch-cam inLnact 40 to 450 depending upon stitch-draw. 
Guard-cam impact non-existent up to a machine, op©ed of 

235 ft/mi. n. 
Latch impact 550. 
Tuck-height impact 50 to 550. 
Total draw length 0.08 in. (2. Q3 mm. ) 

23.3.6 Future Work. 

At the time of writing this thesis.,. experimental work 

to examine the non-linear profiles, at high, speed, using 

the cam-force transducer marklll has not 'hen completed. 
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However, measurement of the forces will be obtained in the 

near,, future and, if necessary, the recommendations contained 

in the experimental results will be used to modify the cams. 

The effect of the flat-termination on the base of the 

0.675 ; n... stitch-cam, will provide some useful results 

concerning the process of loop-formation.. Finally, it is 

hoped to combine all the results in the design of cams to 

be fitted to a commercial 30 in. diameter dial-and cylinder 

machine and test them under normal working conditions. 

23.4 FurtherDiscussion on Cam Design.. 

The best formcf cam-track is one that is continuous, 

closed-tracked,. and involves no step changes in acceleration; 

such a form is given by continuous sine-curve and this hats 

the basic advantage of simple manufacture and easy stitch- 
1, 

draw adjustment. However, the system 1as a basic disadvantage 

in that it cannot readily cope with tuck and miss stitches. 

Two possible. suggested methods for transmitting the motion. 

of the basic curves from the guide to the motion of the needle, 

by means of some intermediate linkage, so as to allow for 

tuck and miss stitches to be accommodated are indicated 

schematically in Fig 23.9: 

23.5 Conclus ions 

Although detailed mathematical analysis of the stitcih- 

cam and guard-cam profiles has not been undertaken to date,, 

it is doubtful if any non-linear form could possibly satisfy 

all the requirements specified in section 23.1.1. The sine- 

sine profile and the sine-circular profile are simple 

mathematical shapes and they satisfy many of these. However,, 

if cams are designed for machine speeds of 50 to 100% above 
these of current operational speeds, it is inevitable that 
they will be longer than' convent Tonal linear came, and there 
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i 
will be fewer feeding stations around the machine. If 

non-linear cams are designed, the mathematical properties 

of the profile could be destroyed by cam wear, after a. 

period of normal service, and consequently very hard materials 

are preferable providing these are compatable with machining- 

capabilities. Guard-cam impact occurs when the needle leaves 

the stitch. cam and moves over to contact the guard-cam, and 

if this is to be avoided, the closed tracking should be used, 

and the shape of the stitch-cam termination should be so 

designed that at the operational speed, all the needles leave 

the stitch-cam at one particular position on the profile 

where a smooth transition from one cam to the other can be 

provided. However, at high speed, the cam termination, must. 

inevitably become wider if cam-needle separation is to be 

avoided, and this means that more needles will be held in 

the loop formation-, zorre; consequently, the yarn tensions; 

will be higher due to the increased: number of yarn to metal 

contacts. At high speed the yarn-tensions must be minimised; 

two possible methods of doing this are to round and polish 

the verge tops, and to supply a constant yarn supply at very 

low input tension.. 
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0.300 IN 

55° 

O'435hi 

.! _ 

The dimensions of the non- 1inecr car: 

must be wýtýýý -the '1I' its' sp, eciIied above, (55 

tiRe'ac- 
CcaM, . 

0 

DIMENStONS FnR NnN LINEAR CAMS FIG 23.2 
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` Yv"tin a needle passes through a closed sine curved 

cam track; there is no sudden changes in needle, acceleratS. on 

. and consequently no impact. A sine curve also has the 
advantage; of the maximum number of feeds distributed on the 
cylinder circumference- However, on a continuous closed track 
there is no facility for tuck and miss stitches. A method 
of overcoming this problem isShown below. Then link A is 
at position (b) lin K rotates about the 
pivot E and the amplitude of needle D is 
small, this corresponding to the miss 
stitch: When pivot E is half way 
between (a) and (b) the needle amplitude 
is increased corresponding' to tuck 
loop, formation and at position (a) the 
needle motion isa maximum. 

I 

,, ýý 

ta) 

disadvantages of this system 
are : - 

mechanical complexity 
(ii) severe pivot, E, 'wear. 

C is a closed track sine 
care encircling the cylindcr. 
A 600 sine curve has 80 
feeds onva 30 in. diameter. 

'f 

A 60* CONTINUOUS 4S IN E Ct)RVEp CAM TRACK 

: 
VNITH, 'rUC, k"`; QýN7? '.. "'. 'S'"Tl'TC}{ °FAGfL'! 'j'y: 

.i. 1 

r 
i 

Ei ý 23.9 ' 



CHAPTER 24 

NEEDLE AND TRICK DESIGN 

24.1 Introduction. 

The work, aimed at determining the effect of the 

impact upon the needle structure and wave propagation 

process in the needle, is uncompleted at the time of submitt- 

ing the thesis; however further work will be carried out in. 

the-,, near future. Experiments, detailed in chapter 19, 

proved that hook failure was directly. related to the magnitude 

of the guard-cam impact, and, butt-failure to the stitch-cam. 

impact. Much can be done towards reducing this impact by 

alteration to the needle design, and this is discussed more 

fully in section 21i.. 2. - 

24.2 Needle Design.. 

The mass of the needle has alarge effect upon, the 

magnitude of stitch and guard-cam impact. If the mass is. 

reduced, the impact, especially on the guard-cam can be 

sub: stant ially reduced, see sections 16.9 and 11+. 5.3. There 

are two methods of reducing the needle mass and these are 

summarised below :-' 

(i) Needle mass can be reduced by using lighter. 

material. Approaches were made to Imperial Metal Industries 

--- Limited concerning the use of a low mass, but high strength 

Titanium alloy. After consultation they considered that IL 

Titanium alloy might be used, but the wear. resistance could 

be a problem and some form of surface coating would be 

necessary. As to the practical aspects, : L-e. whether the 

needle could indeed be made in Titanium and the likely coat, 

more consultation would be necessary with the needle 

manufacturers. However, from, mass. considerations 
alone, 
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Titanium, with a., density approximately a half that of steel 

could substantially reduce guard-cam, stitch-cam and latch 

impact. 

(ii) The , impacts can be reduced if the amount of 

material used, in the needle construction is minimised, as 

shown by,, the needle designs in Fig 24.1. 

In section 9.8.2, -it was shown that, when the old. 

loop (as defined, in Fig 9.8) nears the top of the needle,, 

the high -yarn tension -is relieved by casting off a. loop from 

the adjacent needle which is, one verge pitch (0.058 in. ) 

further advanced into the loop drawing process. Consequently, 

there seems to be no practical restriction to increasing the 

. 
needle section near the top of the needle, other than the 

possibility of manufacturing difficulties; further more, 

and as detailed in section 19.2.1, the incidence of hook 

fracture decreases when the cross-sectional area4of the 

needle hook is increased. - 

"- Combined. with the increased hook section, the tentativ0 

idea for a needle drawing a small yarn loop, Fig 10.1 , and 

the latch designed to reduce impact, Fig 17.5, are combineä 
t 

in Fig 2L4.2 .n 
2L4.3 Needle Design to Reduce the Effect of the Impact. 

Petrow33'to 27 inc 
used wedges to reduce the amplitude 

of the stress wave propagated up the needle shank. A 

diagram of his modified Gr'oz-Beckert needle is shown in 

Fig 2.2, and analysis. of the wedge section is given in 

section 1 9.1 .1. Experiments, as det. iled in chapter 19, 
Investigated the effects of wedge terminations, and the 

results indicated that, instead. of failure occurring across 
the hook, it occurred across the shank originating from the 

sharp corner of the wedge cut-out. Obviously, the wedges 
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I 
would need. to be designed very carefully to eliminate high 

stress concentrations at the corners. 

The dynamic photoelastic technique is at an-early 

stage of development'at the moment, but it is hoped that, in 

the near future, the wave propagation process will be studied 

by this method and that, ultimately, a technique will be 

evolved to test model needles under realistic conditions; 

modifications could then be made before improved commercial 

needles are tooled up for mass-production.. 

2L4.. 4 Trick Design. 

Stitch-cam impact is high if the needle is, tight in 

its trick, and guard cam-impact is high if the needle is 

free, in its trick. It is difficult to control_ the trick 

properties, and inevitably after a period of normal operation 

there will be a large variation in the trick's rest tanee to 

motion. For a high machine speed, both very free and very 

stiff tricks should be avoided, and frequent checks of the 

condition of the tricks should be made. 

A high speed machine will undoubtedly have a cooling 

problem, and probably also a noise problem. The oil, of low 

viscosity to minimise the viscous drag at high machine speed, 

could be used to dissipate the heat, to reduce any guard cam 
impact (see section 16.8), and, to limit. the extent of the 

bounce (see section 12.3.2). Anöt'hcr method of Cooling might 
be to use a refrigerated water jacket fitted inside the 

cylinder. The noise problem might not be-severe If the 'cams 

and needles were to be designed properly so that the impacts 

are minimised, and if careful consideration be given to 
bearing design. 
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CHAPTER 25 

COMPEI`ZDIUM OF THE WHOLE INVESTIGATION 

25.1; 
_ ,. 

S. unmary of the Work and General Conclusions. 

Because the investigation has been described under 

six distinct parts In this Thesis, each-with its own 

-concl-u5ions 
section, it has been considered advisable to 

state. as a, brief summary the following resum6-of the most. 

important experimental findings : - 

j) When the cam-needle impact point was moved 

_ý ýva 

radially away from the cylinder the cam-needle force increased. 

(Sections 4.6.4 and 8.5.6) . 

2) As stitch-d. raw was increased, the yarn-force 

and cam-force increases non-linearly in the region where the 

new loop. was being drawn, e. g. when the stitch-draw increased 

from 0.0668 in... to 0.1077 in., the cam-force increased from 

180 gf to. 540 gf, and the yarn-force 140 gf to 300 gf. 

(Section 8.5.1) " 

3), During casting-off the old yarn loop, it has 

to stretch considerably in order to pass over the needle 

head; consquently the cam-force is high-(Section 8.5.1)" 

4) As the input yarn tension is increased the 

peak vertical cam-force and yarn-force increased, e. g. 

. 
changing the tension 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. (section 8-5-2). 

5) Increasing the fabric takedown tension increases 

the yarn--force, e. g. changing the total fabric load from 

1 , 477 gf to 3,757 gf increases the force from 69 gf to 83 gf. 
(Coetion 8-5-3). 

ý) When the needle and trickvcre coaked, in oil 
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the cam-force increased with the machine speed,. e. g. at 

35 "ft/min, after heavy oiling, the force was 100 gf approx., 

and it increased to 200 - gf when the speed was. 180 ft/min. 

For only slight oiling, the earn-force does not change with 

machine speed. (Section 8.5.4 and 8.5.9). 

7) When the needle width was increased from 

0.0155 in. to 0.0178 in., the maximum vertical non-1aiitting 

cam-force rose from. 56.5 gf to 141 gf. (Section 8.5.5) " 

8)} When the latch resistance to motion. ia increased 

the cam-force also increases. (Section " 8.5.7)' . 

9) Very wide variations in the force level were 

noted when a needle was transfered from one trick to another. 

(Section 8-5.8). 

10) The frictional tension increase over the square 

section verge top was large,, but was considerably reduced 

when the verge tops were rounded . (Sections, 9.4.2 and 9"L1"3) 

11) Stitch cam impact was measured at the instant 

occurred when contact was re-established with the cam. 

of stitch-cam needle contact. A: primary impact occurred, 

whereupon the needle lost contact, and' a secondary impact. 

(Chapters 12 , 13 and 14) . 
12) Ahigh frequency guard cam impact occurred when 

the needle "fired-off"' the stitch-cam-and collided with the 

guard-cam" (Chapters 15 and 1.6). 

13) As machine speed increases, the magnitude of 

stitch-cam and guard cam impacts also increase e. g. when 'a.. 

0-443'needle hits a 600 stitch-cam, the peak horizontal 

stitch-cam impact increased from 600 gf to 8,750 gf when the 

machine speed increased from 100 ft/min to 400 ft/mir, 

similarly when the needle "fires off"a 520 stitch-cam and 
impacted an 80 guard-czm, the force magnitude increased 
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from 440 
'gf 

at 100, ft/min speed. to 2110 gf at 300 ft/min. 

(Sections 16.3 and 14.4-2) .. 

14) The . yarn-loop held around the . needle shank, 

at the instant of stitch-cam impact had very little effect 

upon this. impact. The yarn tension acting on the needle: 

during loop formation, reduced . the guard-cam-. impact force. 

. (Section 18.2 -3) 
1'5) The-needle mass. had a large effect upon 

both impacts.; if the mass was reduced by one-half,, the 

stitch cam and guard-cam impact all decreased by more than 

one-half, depending upon: the trick resistance to needle 

motion. (Sections 14.5.3 and 16.9). 

16) Oil has a negligible effect upon prinary' stitch- 

cam impact but shortens the bounce time and decays the 

impact oscillation (Section 12-3.. 2).. A heavy addition of oil 

reduced guard-cam impact, e. g.. at 200 ft/min the impact 

decreased from 1 , 470 gf to 1 9280 gf after a heavy application 

of oil. (Section 16.8).. 

17) The trick resistance to needle motion had a largo 

effect. upon the impact forces. When the resistance incrcased, 

the stitch cam impact, also increased- but the guard cam. impact 

decreased. (Sections, 14.5.4,16.3 and 16-7), -. 

18) Small changes in the cam-cylinder clearance,, 

e. g. from. 0.. 006 in.. to 0.015 in., have very little effect 

upon, stitch-cam impact; however guard-cam impact decreased 

by a small amount. (Sections 1L.. 5.4 and 1 G. 6) 

i 9) Many severe modifications were made to the butt. 

design of a selected range of needles but none of the 

modifications, showed significant reductions in either stitch- 

cam or guard-cam impact. (sections 14.5.1 and 16-7)-, - 
20) Fine horizontal marks at the base of the atitch- 

loýý, 
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cam led to very-irregular imp. et force results at high 

machine speed. (Section 16-7). - 

21) Hook., fracture was closely dependent upon the 

magnitude of guard cam impacts. A major parameter influencing- 

the breakage rate was the tightness of the needle in the 

trick and, as it decreased, the fracture rate increased. 

(Section 19.2, item (i)) . 

22) Butt fracture was influenced, by the magnitude 

of stitch cam impact. A -major parameter influencing the 

breakage rate was the tightness of the needle in the trick, 

and-as it increased the fracture rate also increased, 

(Section 19.2.1 ", item (vii)) 

23) The hook failure rate depended greatly upon 

the hook sectional area; if this area was reduced the fracture 

rate increased. (Section 19.2., items (i) and (iv))'. 

24) If the area of any part of the needle was 

reduced to cömparable dimensions of the hook, then breakage 

usually occurred across the area. reduction instead of at the 

hook. (aection 19.2.1 .f item (v))'., 
* 

25) A needle was manufactured with seven wedgo 

cut-outs designed to reduce the amplitude of the stress-wave: 

'transmitted up to the needle hook. Subsequent experiments 

were inconclusive, but they demonstrated that the corners 

of the wedges must be carefully designed to avoid stress 

eoncentrations. (Section 19.2.1., item (vi)). 

26) Butt fracture also occurred as a, result of 

guard-cam impact, but the incidence of fracture was substan- 
tially reduced when a light smear of oil was applied to the 

guard-cam surface. (Section 19.2.1., item 

27) Strain gauges bonded to the needle shank: 
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responded to a longitudinal component of strain; a large 

sharp compressive pulse was evident at the instant, of guard 

cam impact and this became more prominent at machine speed' 

- was increased. (Section 20.7). 

28) Strain gauges bonded to the needle shank. 

registered high frequency bending strain at the instant 

of guard cam impact, (Section 20.7.1) . 

29) Strain gauges mounted close to the needle hoolc. 

indicated an equal distribution of compressive and tensile 

strain following both stitch-cam and guard tarn-impacts. 

(Section 20.8) 

30) Following'the guard-cam impact, the strain- 

gauge mounted closes to the needle hook registered a large 

number ' of tensile to compressive stress, reversals. (Section 

20.8). 

Apart from' the above-mentioned experimental findings.,. 

a major part of the work has been the development of the 

various instruments used for such findings, and these are 

also intended for further work. This is all described in 

chapters 4,5,6,13 and 15. 

Moreover, various theoretical analyses were derived at 

each particular stage of the experimentation, and as occasion 

demanded, these were modified in line with the experimental 

findings. - The major sections of the thesis containing such 

analyses are chapter 9 and sections 12.2 and 15.2. 

25.2 Further Recommendations for Good-Quality Fabric 

Production at High Machine 
-Speeds. 

The prospect of a high-speed knitting machine with a 

much higher production rate than present-day conventional. 
machines may have some disadvantages from the manufacturerta 
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point of view, because one machine might effectively 

replace two or three conveiti6ra1. machines. However, this. 

research-has shown that a great deal can be done to the 

knitting elements to. facilitate higher machine speeds. A 

considerable amount of high quality research is being 

undertaken into the topic in various parts of the world, it 

seems only a natter of time before somebody somewhere 

manufactures an economical high-speed machine producing godd 

quality fabric. 

This project has been fundamentally concerned, with an 

investigation, of the forces involved in knitting, and the 

control of knitting elements. However, before high-speed 

machines can be successfully designed, there are-other - 

problems that must be solved; some of these exist on 

conventional machinery, but others are likely to be a direct 

result of-higher machine speeds. A summary of these is 

presented below : - 

(i) Bearings :- The design of the bearings is 

important especially at high speed. Further information 

concerning bearing design is contained in Black's thesis29. 

(ii) Cooling knitting machine will generate 

considerable heat at high speed. It is debatable Just what 

effect high temperature will have upon the knitting process; 

but some control might be necessary to protect both the 

operator and, the fabric. 

(iii) Yarn-Supply :- The yarn -supply system bust-be 

capable of providing low tension yarn to the knitting elements 

at higher machine speeds. 

(iv) Noise :- Th3 noise emitted by a high-speed, 

machine must be within statutory noise limits,. 

Take-dorm Tension ion :- It is important that' a 
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constant take-down tension device be used on a high-speed 

machine. 
(vi) Oil :- At high machine speed, a low-viscosity 

oil supply should be applied at a uniform rate all round the 

cylinder. - 
25.3 The. Scope and Usefulness of the Specialised Instruments 

Developed for the Investigation. 

The instruments developed, during the course of this 

work, were capable of recording the knitting force between (i) 

the cams and needles, (ii) the bounce, (iii) the force 

exdrted by the yarn upon the needle during knitting, and (iv), 

the impacts. All the experiments were carried out on the 

10 in, diameter knitting machine shown in Fig 3.1.. Although 

the theory derived during this work can be used for any 

cam-needle system, further measurements ought to be carried 

out on more typical commercial machinery, to determine the 

effects of delayed and synchrosised timing, different 

stitch formations, etc. Fortunately, the instrumentation 

can be used as the basis for further design of measuring 

suitable for such commercial machinery and the circuitry 

developed in this project 'can be useü without basic 

modification on any machine. 

For measurements on a cylinder-and-dial machine, an 
instrument similar to the transducer Mark II (shown in Pig 5-1) 

could be used. A yarn force transducer, of the type shown in, 

Pig 6.1., would be difficult to fit to a commercial machine; 
the cantilever principle could not be used because there are 
no verges on a cylinder anü dial machine since the cylinder 
yarn loop is formed over the dial needle shank. The results 
in s@otion 9.8.1 shows that, under particular circumstances, 



i. e. low trick resistance, and very little oil, the cam- 

force transducer can be used to measure the yarn-force. 

25.3.1 Possible Improvement"in the Instrument System. 

A few"particular improvements can be made to the 

'design of the cam-force transducer Mark II as follows : - 

(i) The beam natural frequency could be increased 

from approximately 2,000 Ha to 6,000 Hs; 'this will reduce 

the natural frequency oscillation and should remove the need 

for the filter circuits shown in Fig 5.5. The- strain 

sensitivity using semi-conductor strain-gauges would still 

be adequate for-detailed'measurements.. 

(ii) The beam could be manufactured from Aluminum 

and in one piece as discussed in section 10.3. 

Some worthwile improvements could be made in the yarn 

input tension measuring system. The Rothschild"measuring 

head was too large to fit in the confined area where the 

yarn enters the needle. The final yarn guide, shown in 

Fig 7.2, had to be modified. in order to facilitate measurements, 

and there is a need for a very small measuring head, no 

longer than 0.125 in., wide. A system using semi-conductor 

strain gauges is in the process of manufacture at the time 

of submission of this thesis.. One . of the amplifiers of the 

cam-force transducer will be used, in conjunction with the 

circuitry shown in Fig 1t. 5.. 

25.4 Future Work. 

In the near future, measurements using teehniqueu 

established in this thesis will be obtained from instruments 

mounted ona commercial cylinder-and -dial machine.. The 

theories derived in this work could be further investigated 

together with needle and cam modifications under realistic 

practical conditions. Measurements on commercial machines 



will additionally provide information on cylinder and dial 

timing relationships, and the effects of complex stitch 

formations. The cams detailed: in chapter 23, and any 

subsequent re-designed needle, will be tested 'on cylinder and 

dial machines under industrial conditions. 

A considerable amount of experimental work is to be 

carried out using the dynamic photoelastic technique, and it 

is hoped that the technique will be capable of providing 

detailed information enabling a needle to be designed to 

suit both dynamic loading and knitting conditions. 

Work is to be carried out on the rig shown. in Fig 3.1 

to measure the frictional properties of a wide range of 

knitting yarns. The transducers constructed during the 

course of this work will"then be used to measure the knitting 

forces under a wide range of conditions for each yarn type. 

ýý\ 


