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c. S.D. 30 N/ktex is a fairly realistic figure for a staple that the 
trade world describes as sound. Rottenbury found that buyers 
could identify wools of 20 N/ktex or less as tender, but above 
that it started to get a big vague. To estimate strength within 
± 6 N/ktex we need at least 40 staples from a sale lot. In 
contrast, buyers inspecting boxes on the show floor probably, at 
the most, look at four staples. If the first staple breaks they 
will note the lot as tender or part-tender. In displays set up 
at our laboratories where the trade see the samples and the 
measurements, then up to 20 N/ktex they say it ls tender; at 
20-30 some might call it part-tender, some might call it tender, 
some sound; once you get to 30 N/ktex, most of them would call 
the wool sound. 

2.4.3 Variation in staple strength 

Q, G.W. In the last diagram, were the winter-fleece differences due to 
sampling from different positions or were these the results of 
replicate staples from the one position? We have tested many 
staples from the side position and our results have indicated a 
high degree of variation between neighbouring staples from the 
same fleece. 

A, D.T. The staples we drew for that particular set of results were 
taken by laying out the fleece and drawing 20 staples from a 
grid over the whole fleece. The earlier work that was presented 
in 1979 gave sizable components of within-region variability. 

c. K.W. I believe the major source of variation between staples within a 
sample arises from the technique of measurement. 

c. S.D. In farmers' mldside samples we find we need 10 staples to get a 
measured precision of± 6 mm for staple length and± 6 N/ktex 
for staple strength. 

c. M,B, Using a CSIRO staple-strength tester at Whatawhata we obtained 
variance components of staple strength within flocks of Romneys, 
Coopworths and Perendales which averaged: 

within fleece sites 80 N/ktex 
between fleece sites 140 N/ktex 
between sheep 120 N/ktex 

Estimates of the number of sheep required per treatment group to 
detect significant differences between treatments gave the 
following. When five staples per sheep were broken, 34 sheep 
were required per treatment group to detect a 10-N/ktex 
difference. This decreased by only two sheep if 10 staples were 
broken. Thus the significant consideration ls the number of 
sheep per group rather than the number of staples broken per 
sheep. 

2.4.4 Staple length/fibre length/test length 

c. K.8. The ratio of fibre length to staple length changes with bulk 
being higher for bulky wools. 

c. D.R. There are a number of Australian publications which give fibre 
length/staple length ratios of up to 1.45 with most of the 
values close to 1.25. A mean fibre length/staple length ratio 
of 1,1 was found for a range of Romney wools. 
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A range of wools from Merino to strong Crossbred were clamped as 
for staple strength measurement with the bottom clamp about 20 
mm from the base of the staple and a gauge length of 64 mm (2.5 
in.). The fibres were cut from between the clamps and measured 
for length. The mean fibre length/gauge length ratio was 1.25 
but contrary to expectation there was no clear-cut increase in 
this ratio with decreasing fibre diameter. 

More research is needed in this area but it is clear that, as 
the tip region is under or above the clamp when testing for 
staple strength, the length relationships which apply to a whole 
staple do not apply to a length tested for staple strength. 

2.4.5 Break level percentage 

Q. M.A. What is the reason for measuring the break level as a percentage 
down from the tip? 

A. D.T. One reason for this is that the tip is always supposed to be 
there, but the base depends on how good or bad the shearer is 
(this also affects the length and so the percentage - Ed.). We 
have described the position of break in a number of ways in 
Australia and the distance from the tip as a percentage seems to 
be the one that has been settled on for the new instrwnents. 

c. S.D. I don't think the debate on the method of expressing the break 
level is over yet. When you combine lots into a processing 
consignment you come out close to 50%: in other words it's going 
to break in the middle on the average. I think there are 
alternative ways of expressing it: from the middle, or 
converting it to an estimate of what length or what proportion 
of fibre in the staple ls going to be present after breaking. 
More work is required. 
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3. BASIC ASPECTS OF STAPLE-STRENGTH MEASUREMENT 

3.1 Introduction G. Carnaby 

There has been considerable discussion here in New Zealand about how we 
might adapt Australian staple-strength testing to New Zealand wools. one 
point which has already emerged ls the question of whether we include 
talking about a test for breeding purposes. This does not seem to us to 
be much of a problem when the gauge length can be kept constant. But the 
other issue of pre-sale testing and what parameters are appropriate there 
does worry us a great deal if the gauge length has to be changed and if we 
believe the results that Prof. Ross himself has published. 

Going back to the very early papers there are quite horrific 
lmpllcatlons about changing gauge lengths and the units of staple strength 
in relation to pre-sale testing. we have already had a good plug for the 
unit of newtons/kilotex and we understand there ls a growing acceptance of 
this in Australia. I am still stuck on the question of why energy units 
were not followed through with in Australia. I have read papers by Caffin 
14. 15 but I have some reservations about the comparisons he made 
between normalised energy units and staple-strength units. I hope that 
someone from the Australian camp will be able to give us some background 
on that choice. 

To get the session started off, Dr van Luljk from WRONZ has agreed to 
make a presentation. As Kees is probably not well known to all of you 
perhaps I can give you some background. Kees was trained in Holland as a 
civil engineer and took up a WRONZ Fellowship for doing a Ph.D. at 
Canterbury University, where his subject was 'The Strength of Staple Fibre 
Yarns'. Essentially these are just wool staples with some twist in them 
and his theoretical studies on this problem have been recognised by the 
few people who understood them as really the best work that has ever been 
done on the subject. More recently he has turned his attention to the 
question of staple strength and he is going to provide a background on the 
theory behind the test of staple strength. 

3.2 Theory of staple-Strength Measurement c. van Luijk 

A substantial amount of work has been carried out on the strength of 
wool staples, especially with regard to the relationship between staple 
strength and the strength of the fibres of which the staple is composed. 
By far the largest amount of this work is concerned with the actual 
measurement of staple strength and the empirical relationship between 
staple and fibre strength. This is in line with the aim of measuring 
staple strength in order to predict the fibre length which is an important 
factor in the processing performance of wool. only a small amount of 
theoretical work has been done on the factors which gove-rn the 
relationship between fibre and staple strength. Although it will probably 
not solve any problems directly a theoretical study of the problems will 
yield an insight into potential pitfalls. In this paper the problem as 
seen by most workers in this field is turned upside down: what will the 
strength of a staple be if a number of factors are given. The factors 
which will be discussed here are: 

the stress-strain curve of the fibres in the staple; 
the configuration of the fibres in the staple: and 
the gauge length of the staple. 
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Not only staple strength will be discussed here (expressed as mN/tex) 
but also energy to break which is expressed as joules per tex (J/tex) or 
as joules per gram (J/g). 

3.2.1 Wool fibre properties 

A standard wool fibre stress-strain curve is used as the basis for most 
of the work presented here. This curve is shown in Figure 3.1. As can be 
seen the elastic region starts straightaway from 0% extension and there is 
no uncrimping region. This is in line with the method of single fibre 
measurement as described by Hunter et al. 31 where the fibre is 
preloaded by 5 mN/tex. In the standard curve the modulus of elasticity 
from Oto 4% is 2500 mN/tex which implies a yield point of 100 mN/tex at 
4%. After this the curve climbs slowly up to the breaking extension (base 
40%) where the fibre breaks. The values used are an approximate average 
of the values given in the literature. 

.. 
'O 
n1 
0 
..:I 

'vl20 

4 
Extension,% 

Fig. 3.1. Typical fibre stress-strain curve 

break 

'v40 

In real staples there are of course differences between individual 
fibres in stress--strain behaviour, extension at break, breaking stress, 
etc. There will also be differences in the mean values of these 
parameters between staples. Here the influence of permutations of some of 
the parameters on the staple strength curves is discussed. These are: 

the distribution of breaking extension according to a Weibull 
distribution around the average breaking extension with varying C of 
V, and 
the change in average breaking extension due to a tender region. 

It is not suggested here that the Weibull distribution ls the correct 
distribution for wool fibres but it ls convenient to use and is probably 
no worse than other distributions. The lower cut-off point of the 
distribution ls set at 0% in all cases. 

In the case of tender wool a certain length of each of the fibres in a 
staple is of a smaller diameter than the rest of the fibre. In most cases 
the tender region of the fibre is short compared with the staple length 
and therefore there will only be a small difference between the 
stress- strain curve of a normal and a tender fibre. Howeve.r, the breaking 
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load (and thus the breaking extension) will be lower. This can be 
simulated by decreasing the average breaking extension of the standard 
fibre stress-strain curve. 

In Figure 3.2 the effect of the distribution of breaking extension is 
shown for an average breaking extension of 40\. There are small 
differences in maximum load and in extension at break. There are also 
slight differences in work to break. 

With an average breaking extension of 20\ the maximum load is not very 
much less than at 40\ but the energy is less than half (Figure 3.3). 

With an average breaking extension of 4\ the maximum load is about half 
of that at 40\ but the energy is much less. 

3.2.2 Configuration of staple 

The configuration of the fibres in the staple is a very important factor 
in staple strength. owing to the nature of a staple the general 
orientation of the fibres will coincide with the axis of extension if the 
staple itself is properly located in the test apparatus. But this is not 
true of the local orientation of any part of the fibre because most wool 
fibres are crimped. 

The crimps are straightened out when the fibres are tensioned but there 
is a major effect on the staple stress-strain curve because the length of 
the crimped fibres between the jaws is greater than the length of the 
staple between the jaws. A large part of this difference is due to crimp 
but some is also due to fibres being forced to follow a path around other 
fibres. In the literature values of around 1.25 are given for the ratio 
of mean fibre length to staple length for all types of wool. The CV of 
fibre length is given as being in the range of 9 to 15\. 

An additional factor arises from the fibres which do not span the gap 
between the jaws. This does not seem to be a problem with merino wools 
but it would be a problem with crossbred wools. such fibres do not 
contribute to the staple strength of course, but they do contribute to the 
staple mass depending on their length. This can result in arbitrary 
relations between fibre strength and staple strength, mainly depending on 
where the staple is gripped by the jaws. In all the cases discussed it is 
assumed that all the fibres span the gap between the jaws of the test 
apparatus. 

The staple stress-strain curve is calculated here for a range of ratios 
of fibre length to staple length and also for a range of distributions of 
fibre length. A Weibull-type distribution for the length is used, this 
having the advantage that there is a definite cut-off point at the lower 
end, i.e., no fibre shorter than the gauge length. 

An associated effect due to a greater-than-unity ratio of fibre length 
to staple length is the increased mass per unit length of the staple 
although the combined linear density of the fibres has not increased. 
This can be an important contribution to the weakness of the staple as 
compared with the fibre. 

If the staple tex is determined by dividing the mass by the length then 
the above ls a problem. But if the staple tex is determined by the caffin 
jaw method 14 then it is possible that a value for the staple tex will 
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Fig. 3.2. Staple stress-strain curves with same extension at break 
average extension at break= 40%; CV of extension at break -
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Fig. 3.3. Staple stress-strain curves with varying extension at break 
CV of extension at break= 20%; average extension at break -

40%; -- -- 20%; - - - - - 4% 
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be obtained which is closer to the combined tex value of the fibres. 
However, this is not exactly known and in the Figures shown here the 
abovementioned effect is included. 

Another effect associated with longer fibres is the greater chance of a 
weak place: however, this is a rather minor effect here and is not 
included. 

If Figures 3.4 and 3.5 the effect of the ratio of mean fibre length to 
staple length and of c of V of fibre length on various parameters of 
staple strength are shown. The maximum load of 120 mN/tex for a ratio of 
1,0 diminishes to about 90 mN/tex for a ratio of 1.2 and 75 mN/tex for a 
ratio of 1.4. If the work necessary to rupture the staple is expressed as 
energy per unit mass of the staple between the jaws then the value of that 
parameter will be the same for all the above cases. 

3.2.3 Gauge length 

It has long been known that gauge length has an effect on staple 
strength, namely that a longer gauge length results in a lower staple 
strength. Several reasons for this have been suggested, some of them 
erroneous. Some reasons are trivial, for example, that there will be 
fewer fibres spanning the gap between the jaws at longer gauge lengths. 

Theoretically the most important reason is the fact that the chance of a 
weak place is greater for longer lengths. If the chance that a fibre of 
unit length is broken before a certain extension Eis: 

P(E) = p, 

the chance that a fibre of length n is broken before£ is: 

n 
P(€) = p • 

Earlier in this work the Weibull distribution has been used to describe 
the chance of a fibre breaking before reaching a given extension. Using 
the above expressions and the cumulative Weibull distribution yields the 
results shown in Figure 3.6. As can be seen, the results are very 
dependent on the C of V of the breaking extension. This is not surprising 
because if the C of V of the breaking extension was zero, i.e., all fibres 
broke at the same extension, then there would be no weak-link effect. For 
a more normal value of 20\ there is, however, a marked effect, this time 
not in the maximum load but in the energy to rupture the staple. 

3.2.4 Conclusion 

The main conclusion of this paper would have to be that many factors 
influence staple strength in varying ways. If one particular factor, 
fibre strength, is to be predicted from the staple strength then it ls 
extremely important that the other factors are taken into account. 

Another conclusion is that staple strength expressed as tenacity might 
not be the best parameter in all cases. In some cases the energy to 
rupture might be a better medium. 
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Fig. 3.4. Staple stress-strain curves: effect of fibre/staple length 
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Fig. 3.5. Staple stress-strain curves: effect of C of V of fibre length 
average fibre length= 1.3 x staple length; CV of fibre length -
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120 

0 

- 23 -

I\ 
I \ 

I 

I \B 
I \ 
I \ 

\ I 
I I 
\ I 
I I 
\ I 
\ I 
I I 
I I 
\ I 
\ I 
\ I 
\ I 
I I 
\ I 
\ I 
\ I 
\I 
~ 

I \ 
I \ 

~ 
I 

~\ 
I \' 
I ' I \ 

40 
Extension,% 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

\ 

' ' ' 
Fig. 3.6. Staple stress-strain curves: effect of gauge length 

80 

average extension at break= 40%; A, B = CV of extension at break= 5%, 
20% respectively; · = normal gauge length; - - = gauge length/3; 
- - - - - = 3 x gauge length 

3.3 Discussion 

c. G.C. The J/g measurement ls very sensitive to the weak-link effect. 
It is very sensitive to what you are trying to measure whereas 
J/tex is not necessarily so if the gauge length changes. mN/tex 
is not likely to be as sensitive to the weak- link effect. 

c. K.L. The reason why it ls so sensitive ls that in fibre 
stress/strength testing you get a steep-slope region followed by 
a lower-slope region. As illustrated in Figure 3.2, there ls 
little difference in maximum force for the four fibres shown, 
but in using marginal differences in energy, that is area, the 
trend of that is much smaller. 

c. G.C. Caffin 14 has said that energy per tex ls not a good measure. 
Energy per gram is an entirely different normalising parameter; 
that is the one which should give you a straight line and no 
effect at all in completely uniform fibres. If you use J/tex 
you expect to get an increase because the length of the fibres 
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is proportional to the gauge length and therefore the energy 
required to break will extend them further in proportion. So 
this unit J/tex, which is the one which has been published in 
Australia as giving high variances, ls possibly due to the known 
effect of the gauge length. 

C D.T. It is easier to use a force transducer in a measuring instrument 
than to measure energy. 

c. K.W. I see no problem in changing from force to energy measurement in 
our instruments or for changing the basis of normalising the 
information on controlling rates of strain. However, there is 
an enormous variation in staple strength in commercial sale 
lots, varying from virtually 1 to 100. I think these 
differences are very much larger than the differences we have 
been discussing and if the correlation between energy and 
maximum load is quite high one may be able to improve it by 
using energy or some other basis for normalisation, but I 
believe we are always going to be stuck with some serious 
limitations such as gauge length. The system will be a vast 
improvement over the existing subjective method even though it 
doesn't meet a rheologist's dream. You may be able to estimate 
staple strength satisfactorily by considering only certain 
aspects of the stress-strain curve. 

C. D.R. The relation between force and energy is very dependent on the 
degree of soundness of the wool. In sound-wool flocks 
correlations of 0.85 - 0.90 are obtained, in unsound-wool flocks 
0.65 - 0.75. variability between staples and within groups 
increases rapidly as the staple strength decreases. 
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4. MEASUREMENT OF STAPLE STRENGTH IN NEW ZEALAND 

D. Ross 

In the period 1956-1962 many thousands of samples were measured for 
staple strength at the Wool Industries Research Institute in Dunedin. The 
apparatus and technique used were described by Ross 42. As many of the 
results subsequently discussed in this seminar refer to this research, the 
method used will be briefly outlined. The original measurements in inches 
and pounds have been converted to the current units. 

Test Method 

It must be appreciated that the winter-tender region in New Zealand 
Crossbred wools can be easily seen so that the position at which the 
staple will break under load can be visually identified. This does not 
apply to the same extent to New Zealand Halfbred and Merino wools. The 
break level is usually between 20\ and 40\ of the staple length up from 
the butt end in full-length fleece wool 45. When staple strength was 
being tested any apparent break level was placed between the clamps so 
that the minimum staple strength would be measured. 

The clamps were placed in a jig at a fixed distance (gauge length) 
apart: usually 64 mm for crossbreds, 38 mm for Halfbreds, and 25 mm for 
Merinos. A staple was laid across the clamps with 20 mm of its butt end 
in one clamp and lightly tensioned before the second clamp was tightened. 
The staple was then broken on a strength tester at an extension rate of 
100 nun/min. After the staple was completely broken the fibre was cut from 
between the clamps, cleaned, conditioned and weighed. 

Figure 4.1 shows the breaking graph of a sound staple (ADG) and a fairly 
tender staple (AHI). As the load on the sound staple is increased there 
is an initial uncrimping region AB when the fibres and the staple are 
being straightened and the shorter fibres come under an appreciable load. 
The load then increases rapidly at a lower rate of staple extension. 
After the maximum load AL is reached some fibres are still being loaded 
and the staple extends considerably beyond J until all the fibres are 
broken. 

In the case of the weak staple AHI the initial uncrimping region is 
longer and there is no clearly defined demarcation between this region and 
the main staple-loading region. such staples frequently have a greater 
extension at maximum load than sound staples but a smaller extension at 
the final staple break point I, cf. G. 

The following are the principal parameters derived from the breaking 
graphs and the clean conditioned mass of the wool cut from between the 
clamps after breaking. 

(1) Maximum load ML, expressed as kgf/g/gauge length or converted to 
cN/tex; 

(2) Energy E to break the staple completely; expressed as kgf.mm/g/gauge 
length or converted to mm.N/tex; 

(3) Extension at maximum load EML \; 
(4) Extension at staple break ESB\ of gauge; 
(5) Breaking angle¢, illustrated in Figure 4.1 for the sound staple by 

the angle CNG. 
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Fig. 4.1. Staple strength graphs of a sound (upper) and a tender (lower) 
staple (see text for lettering) 

Figure 4.2 illustrates a wide range of staple-breaking curves, details 
of which are given elsewhere 44. The maximwn load may be reached early 

G 

or late, especially in tender staples, while one or two peaks may be found 
depending on the length/strength relationships of the fibres in the sample. 

Discussion 

c. D.O. Gourdie, Woods, Geenty and I have compared two methods of 
measuring staple strength. one was based on Ross 42, 44, 
using an Instron, from which we calculated energy to break 
rather than force and the second used the CSIRO manual staple 
strength tester of Bawnann 8 from which we measured staple 
strength in N/ktex. A 40-mm gauge length was used and this 
included the predetermined weakest region of the staple. 
Similar extension speeds were used for measuring five staples 
per sample of similar size. samples were taken from a flock of 
Romneys (51), Corriedales (29), and woolstore samples (20). The 
correlation coefficient between N/ktex by CSIRO and Instron was 
0.92 and between N/ktex and energy-Instron 0.82. 



- 21 -

A B C 

D E 

F G 

H 

/"-:--....,. 
L M 

Fig. 4.2. Breaking graphs of staples of varying degrees of soundness 
A, B, C - sound; D - I - medium strength; J - M - very weak 

(Source: N.Z. J.Agric. Res., 1961, 4, 66. 

The two main measurements of staple strength, load to break and 
energy to break, were studied further. In merino wools, staple 
strength and elongation are believed to depend on three factors, 
assuming that there is no interfibre interaction (de Jong et 
al., 1984). These are: 
Ca) individual fibre strengths, stress/strain: 
Cb) fibre-crimp variation: and 
Cc) average breaking extension of the fibres. 

Ross 45 noted that the single-peak curve typical of sound 
wools often shows a deviation in wools of lower strength. Table 
4.1 shows the percentage of double-peaked load/extension curves 
from 330 Romney wools. Wools below 25 N/tex were subjectively 
assessed as tender. It is clear that tender wools show a higher 
percentage of double-peak load/extension curves which affect the 
peak force. Discontinuous fibres and cotting will also affect 
staple strength measurement. 
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DOUBLE-PEAKED LOAD/EXTENSION CURVES 

Staple strength 
N/ktex 

11 
12 - 18 
19 - 25 
26 - 33 

33 

Double peaks 
\ 

66 
67 
37 
15 

9 

The basis of the double peak is likely to lie in part in the 
different lengths of wool grown by fibres of different diameters 
during the winter. 

c. G.D. It was agreed in general that for such tender wool the total 
breaking energy rather than the breaking load would give a more 
appropriate estimate of soundness. 
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5. PHYSICAL FACTORS AFFECTING STAPLE STRENGTH MEASUREMENT 

5.1 Test Length or Gauge 

Tests on rayon bundles 43. Staple strength tests were carried out on 
bundles of 150-mm 4.5-den rayon fibres at gauges of 25 to 102 mm, with the 
results given in Table 5.1. 

Table 5 .1 STRENGTH OF RAYON BUNDLES AT DIFFERENT TEST LENGTHS 

Test MLlg MLxTL Elg ElgxTL EML ESB Break 
length time 

mm %* %* %* %* % \ s 

25 100.0 100.0 100.0 100.0 7 .1 10.2 10.5 
38 63.9 95.8 70.2 105.4 12.6 15.7 11. l 
51 46.5 93.1 55.7 111.3 12.2 15.7 12.4 
64 36.4 91.0 51.4 128.7 9.8 12.9 13.4 
76 30.2 90.6 44.2 132.7 10.2 12.9 14.0 
89 25.3 88.5 42.3 148.0 10.8 13.7 15.4 

102 20.9 83.8 38.1 152.6 11.8 14.4 16.4 

* percentage of value at 25 mm: MLlg = 470 kgflg; Elg= 4410 mm.kgflg 
ML= maximum load; TL= test length; E = energy; EML = extension at 
maximum load; ESB= extension at staple break 

Even with controlled bundles of uni.form crimpless fibres held continuous 
between the clamps, the actual force required to break the bundle at a 
gauge of 102 mm was only 83.8% of that required at 25 mm. These values 
are in line with single-fibre data on the same rayon sample showing the 
increased chance of getting a weak place between clamps with increasing 
test length. On the other hand, the energy required to break the fibre 
bundle increased with increasing test length, as the percentage extension 
increased with increasing test length. Correction of the results to a 
standard breaking time based on the equation of Anderson and Cox 2 was 
found to be applicable. This could be of importance in interpreting 
staple strength results where the gauge is not fixed. 

Tests on wool 44 Midside samples from 10 Romcross ewes were selected 
ranging from very sound to very tender. Five staples were tested at gauge 
lengths of from 25 to 102 mm, the bottom clamp always holding 19 mm of the 
staple butt. The tenacity values in terms of cN/tex are given in Table 
5.2. 

The wools were selected on the basis of staple strength at a gauge of 64 
mm to give a range of tenacities. It can be seen from Table 5.2 that 
divergence from the values at 4 mm gauge was greatest at gauge lengths of 
25 and 102 mm. 

samples land 2 were very sound and the tenacity was approximately 
constant to a 76 mm gauge length decreasing thereafter. 

samples 5 and 6 were also sound throughout with no obvious tender region 
but were of considerably lower strength than samples land 2. 
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Table 5.2 
TENACITY OF ROMNEY WOOL STAPLES AT DIFFERENT TEST LENGTHS 

Test Tenacity, cN/tex 
length 

mm 1 2 3 4 5 6 7 8 9 10 Mean 

25 6.1 5.6 5.2 3.0 3.8 3.2 3.8 2.8 1.6 2.6 3.8 
38 6.3 5.7 5.5 3.0 2.9 3.3 1. 7 1.8 0.7 0.9 3.2 
51 6.9 4.2 4.8 4.0 3.3 3.5 1.8 1. 7 0.7 1.0 3.2 
64 6.4 5.8 5.3 3.6 3.1 2.9 2.4 1.3 0.7 0.7 3.2 
76 6.2 5.3 3.5 3.9 3.5 2.5 1.8 1.2 0.3 0.5 2.9 
89 5.4 4.0 2.9 2.8 3.6 2.7 2.1 1.3 0.5 0.4 2.6 

102 5.6 4.5 1.9 1.2 3.9 2.7 1.4 1. 7 0.3 0.5 2.4 

Mean 6.1 5.0 4.2 3.1 3.4 3.0 2.1 1. 7 0.7 0.9 

samples 3 and 4 appeared sound until test lengths of 76 and 89 111111 

respectively were reached after which weak regions in the staples were 
included in the test lengths. 

Samples 7 to 10 showed a very tender region which in view of the low 
values at a 25 mm gauge length no doubt extended below the clamp closer to 
the staple butt. 

For samples 1 and 5 the energy to break these staples increased at an 
approximately constant rate with increasing test length. The extension of 
sample 5 was much higher than sample 1 resulting in a much smaller 
difference in the energy required to completely break the staple than 
indicated by the maximum load. Sample 3 showed a similar pattern until 
the tender region was reached, thereafter the energy decreased rapidly. 

Samples 6 and 8 showed a small rise while the very weak samples 9 and 10 
showed a decrease in energy as the test length increased. The 
relationship of energy-to-break to test length is therefore different to 
that of maximum load. 

Discussion 

Q. K.W. Is the variable behaviour with increasing gauge length merely 
the result of increasing the gauge length and uncovering a 
tender region? 

A. A.R. Yes, together with the expected decrease illustrated by the 
rayon bundle results, which would account for probably 20\ of 
the decrease. 

c. K.W. When we are looking at a range of staple strength in commercial 
lots from 1 to 70 this is not an overwhelming problem. 

c. D.R. Tender regions in Australian wool may be distributed at random 
but they are clearly identifiable in New Zealand Crossbreds. 

G.D. A general discussion followed on the significance of including 
any tender region in the test length. The Australian contingent 
emphasised that their overriding consideration was to trap any 
tender region between the clamps and this would have a larger 
effect on the measured staple strength than other more academic 
considerations. 
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The reason for staple testing whether it be for commercial 
pre-sale testing or for sheep selection or similar studies must 
influence the test used. The variability in mass along a staple 
associated with fibre cross-section and number was commented on 
as a factor which will affect the test result. It was stated 
that 10-mm lengths of staples for most breeds showed differences 
along the staple of 2:1 or often considerably greater when 
measured with a Compressometer. These are massive so that the 
particular length tested may have a major effect on the measured 
staple strength. 

c. M.B. We measured staple linear density with caffin-type jaws 14 at 
five points along Romney staples and found the variation 
expressed as a percentage of butt linear density ranged from 8 
to 26\ with a mean of 20\. 

c. D.T. It is important to remember that we measure strength to allow 
the prediction of fibre length in the top. Prediction equations 
may be based on theoretical, empirical, or processing 
considerations which can take account of gauge lengths. It is a 
fallacy just to look at staple strength in isolation and say 
that if there is a gauge-length interaction then staple strength 
is not useful in prediction. 

c. D.R. In the Australian situation the measured staple length minus a 
constant for the clamped wool will give a measure of gauge 
length so 1t is effectively included in your prediction equation. 

5.2 staple Tip 

In Australia about 2 cm of the tip and a smaller amount at the base of 
the staple is not tested. In a comparison test between two Australian 
staple-strength testers one ranked one sample the highest the other the 
lowest as one tester held the weak region between the clamps and the other 
didn't. 

c. K.W. Considered that if gauge lengths were less than 50 mm there 
would be problems but in Australia 75-85\ of the clip should be 
amenable to testing, i.e., wools suitable for combing. 

c. D.R. There is a large amount of wool with weathered tips that break 
off during processing which may not be detected by staple 
strength testing. 

C. K.W. The worst situation would be if you have a weathered tip and 
also a break at the butt of the staple which was not detected. 
This would result in increased noilage. 

c. S.D. The trade is very interested in what happens when the break is 
at the tip or butt where the tester is gripping it. 

Q. G.C. Referring to sample 4, Table 5.2, could the results be explained 
on the basis that the staple was tippy or triangular rather than 
tender? If we put all full-length New Zealand wool through this 
system of measuring staple strength at a maximum gauge length 
will we find all our wool is incredibly weak, not because of low 
fibre strength but because most fibres will not span the 
distance between the clamps? 
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A. D.R. While in this instance that ls not the reason, in general I am 
sure you are correct, especially for our Romcross wools. No 
doubt this effect will increase with increasing staple length 
and could be a major source of error in New Zealand wools which 
may be 250 mm long. 

c. K.W. In Australian staples the tip tends to be the heaviest largely 
due to tip contamination with VM, grease, suint and dirt but 
there ls no definite density pattern along the staple. There 
are problems in applying corrections obtained from core-test 
yields, particularly in relation to calculating the position of 
staple break from mass data owing to uneven distribution of 
impurities along the length of staples. 

c. B.W. In a current indoor trial sulnt levels rose to 40\ on the 
conditioned mass of wool produced, which could markedly affect 
both staple strength and position of break measurements 
calculated on core yields. 

5.3 Gauge Length - Time and Rate of Breaking 

As gauge length increases the time required to break a staple increases 
and other things being equal the maximum load to break decreases. This 
can be corrected for. 

c. G.W. An increase in gauge length disadvantages long wools because of 
the weak-link effect. Also as the gauge length increases the 
number of fibres spanning between the clamps will decrease, 
especially in tippy Romcross wools. 

C. S.D. The current Australian standard for breaking rate ls 100-200 
mm/s. 

c. D.R. My studies were carried out at 100 mm/min which will give rather 
different results. 

5.4 Clamps 

G.D. The clamps used by Ross 42 were serrated and preferably 
leather-lined, and had a flat region of 2--3 mm at the testing 
edge. Caffin jaws 14 with interleaved plates can be used to 
give a measure of linear density. The original clamps with 
thinner plates were complex to manufacture and maintain, and if 
the pressure exerted on them was not correct you could get 
either slipping or cutting of the staples. As they are not open 
clamps access is more difficult. As linear density is no longer 
measured by using clamps there has been a move away from this 
type. 

c. D.T. The University of New south Wales uses Caffin-type clamps with 
interleaved plates but with somewhat different materials and 
dimensions to reduce jaw wear. 

c. K.W. CSIRO now uses an open-type jaw. The ATLAS jaws have a 
rubber-like material on one side while the other has two rounded 
metal rods across it which press into the composition face with 
sufficient force to grip the fibres satisfactorily. 
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5.5 sample Mass 

Table 5.3 gives the correlations between sample mass and maximum load, 
energy, extension at maximum load, and extension at sample break for eight 
flocks, each comprising over 100 sheep 42. The Romney wool was tested 
at a gauge of 64 mm and the Corriedale at 38 mm. Also given are the 
correlation coefficients between maximum load and extension at staple 
break. Some of these correlations reach the 5% or 1% level of 
significance. The correlations for some characteristics such as ML and 
sample mass vary from significantly negative to significantly positive for 
different groups. The reasons for these diverse relationships ls not 
known. For Romney wools in general, ML (in kgf/g) was negatively 
correlated with sample mass. For all groups the extension at staple break 
increased with increasing sample mass. 

Table 5.3 CORRELATION COEFFICIENTS 

Flock Sample mass and: ML and 
ESB 

ML/g Elg EML ESB 

Romney 1 -0.055 -0.082 -0.183* 0.204* -·0.239** 
Ronmey 2 -0.134 -0 .177 --0 .120 0.100 -0.315** 
Romney 3 --0. 222* -0.157 0.034 o. 360** -0.270** 
Ronmey 4 --0. 025 -0.012 0.081 0.281** -0.125 

c/dale 1 -0 .115 0.106 0.293** 0.502** -·0. 181 
c/dale 2 0.224* 0.212* -0.066 0.347** -0.488** 
C/dale 3 0.162 0.124 -0.077 0.173 -0.129 
c/dale 4 0.096 0.006 -0.055 0.309** -0.023 

In another experiment staples from a sound and a tender fleece were 
tested 42. As the sample mass of the sound wool increased, the ML 
(kgf/g) and energy decreased. EML was constant but ESB increased. For 
the tender wool (except for the very small samples) as sample mass 
increased ML and EML were fairly constant, but the extension at staple 
break (ESB) increased substantially. 

As seen from Table 5.3, the percentage of variation in most 
characteristics directly attributable to sample mass was small. It was 
significant within flocks for extension at sample break and could result 
in a systematic error if the staple strength results of sound and tender 
flocks are being compared for energy rather than ML. There appear to be 
different effects between breeds and for gauge lengths. As previously 
discussed, if you condense the fibres between the jaws you can increase 
the maximum load appreciably. 

Discussion 

c. D.T. We got a correlation between staple strength and linear density 
of staples if, for example, there was something wrong with the 
jaws, such as the staples being cut or slipping. If everything 
was operating correctly the correlation was usually low but 
fluctuated from positive to negative. 
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C, S.D. The Australian standard for the use of the CSIRO staple strength 
meter specifies caffin jaws 14 into which you have to manually 
load each staple. There are limits of linear density - a 
minimum of 1 ktex and a maximum of 3.5 ktex. The tester is 
programmed not to accept staples for testing outside these 
limits. 
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6. BIOLOOICAL FACTORS AFFECTING STAPLE-·STRENGTH MEASUREMENT 

6.1 Age of Sheep 

c. D.R. Information is limited on the effect of age on staple strength. 
Table 6.1 shows the staple-strength results for six years from a 
flock of Romneys run at Invermay. The numbers decreased with 
age as ewes were culled for poor performance. The poor relation 
between clean wool production over the years and staple strength 
no doubt indicates the effect of short periods of poor nutrition 
which seriously affected staple strength without any apparent 
effect on the annual production. 

Table 6.1 EFFECT OF AGE ON FLEECE WEIGHT AND STAPLE STRENGTH 

Year 

1956 
1957 
1958 
1959 
1960 
1961 

Mean 

* gauge 

Number 
of sheep 

98 
94 
89 
81 
72 
15 

75 

length = 64 ff Ull 

mean 
cN/tex 

3.3 
2.6 
2.5 
4.5 
3.5 
4.5 

3.5 

Staple tenacity* 

C of V 
\ 

45 
62 
44 
36 
56 
61 

51 

Fleece weight 
kg {clean) 

3.30 
3.33 
3.22 
2.59 
2.85 
3.01 

3.05 

c. H.H. It is widely recognised that hoggets show less seasonal 
variation in wool growth and have stronger staples than ewes. 
The reason for this ls unclear. Seasonality tends to increase 
with ewe age but this is due largely to variation in summer 
rather than winter wool growth. 

c. G.W. In 1957 F. Cockrem and I sampled 100 Romney ewes, which were 
running together, in five positions. Staple strengths were 
measured by D. Ross at a gauge length of 80 mm. Analysis 
indicated several significant causes of variation around the 
general mean of 23.3 N/ktex. The effect of age was highly 
significant: at 2 years the difference was -1.8: at 3 years 
+1.1: at 4 years +1.9: at 5 years -1.2. 

6.2 Fertility and Prolificacy 

c. H.H. Fert111ty/prol1f1cacy has an influence on wool growth in late 
winter and therefore on staple strength. Non-pregnant Coopworth 
hoggets at Woodlands had 1.1 g/day (22\) higher wool growth in 
July-october and 0,6 gf/tex {19\) higher staple strength than 

· contemporary pregnant hoggets. In a winter herbage allowance 
experiment at Woodlands the wool growth rates and staples 
strengths of Romney ewes in July-August were: 

Wool growth (g/day) 
Staple strength (gf/tex) 

Nwnber of lambs born 
0 l 2 

3.4 
3.8 

2.2 
3.2 

1. 7 
2.3 



Table 6.2 

Mean 
lambing 
date 

6 Sept. 

23 Sept. 

6 Oct. 
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In this experiment the influence of the number of lambs in utero 
on wool growth in mid-pregnancy was constant, 1. e. , it did not 
interact with the herbage allowance. This suggests that the 
influence of physiological state on wool growth is not simply 
the result of competition for available nutrients between body 
functions. Nevertheless, figures from another experiment {Table 
6.2) showed that as the photoperiodic and physiological 
influences are separated by delaying the date of lambing, 
minimum wool growth is increased and the influence of 

.prolificacy decreased. There was, however, little change in 
staple strength. 

INFLUENCE OF DATE OF LAMBING ON WOOL GROWTH AND STAPLE STRENGTH 

Number Wool growth {g/day) Staple 
of lambs strength 
reared July-·Aug. late pregnancy gf/tex 

1 2.3 2.7 2.2 
2 2.0 2.2 1. 7 

1 2.5 2.2 1. 7 
2 2.3 2.5 1.8 

1 2.8 3.4 2.2 
2 2.7 3.0 2.1 

C. G.W. The effect of lambs born and birth rank of the ewe on the staple 
strength of the Romney flock previously mentioned was: 

lambs born (P < 0. 01): barren +O. 7, single + 1.1, 
twins -1.8 N/ktex; 

birth rank of ewe (P < 0.05): singles +0.8, twins -0.8 N/ktex 

C. D.R. Over a five-year period in Romney ewes at Invermay previously 
discussed {Table 6.1), the staple strength of the twin-bearing 
ewes was (unexpectedly) on average 10% higher than that of the 
single-bearing ewes. No doubt the lambing stress would have to 
coincide with the principal stress due to feed or illness before 
the number of lambs born would affect staple strength. 

6.3 Effect of Nutrition and Lambing status on Staple strength 

c. M.B. Table 6.3 shows the staple strength of single and twin-bearing 
ewes in a high and low level-of-nutrition trial. Also shown are 
the mean values for sheep in the Whatawhata breed comparison 
trials. These results show an effect of both nutrition and 
lambing status on staple strength. 

G.D. The normal wool growth cycle was discussed in relation to time 
of stress, whether specifically induced by changing nutrition 01· 
resulting from other causes. In Whatawhata sheep minimum wool 
growth may occur in mid-pregnancy. The effect on staple 
strength of the many factors affecting j,t:,.a_pJe strength at this 
time is difficult to measure. -," .;..·. 
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C. S.D. 

Flock 

Whatawhata 

Ruakura 

Whatawhata breeds 
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PLANE OF NUT~ITION 

High Low 

39 

55 

Singles 

22 

49 

36 

High 

32 

44 

Twins 

34 

Low 

17 

37 

Dry 

30 

In a recent symgosium in Western Australia as sununarised in a 
paper by Ralph3 the effect on the number of lambs born in 
autunm on the staple strength of wool from spring-shorn ewes was 
as follows. 

Single lambs 
Twin lambs 

Number of ewes 

758 
100 

Staple strength 
N/ktex 

27.5 
25.6 

6.4 Nut.rition (see also under 6.3) 

c. K.G. MAF with WRONZ measured wool growth and staple strength under 
uniform nutrition21. Non-pregnant Romney ewes were fed at a 
constant level of nutrition to minimise changes in live weight. 
Mean values each month for feed intake, ewe live weight, and 
wool growth for ewes individually penned indoors or yarded as a 
group outdoors are shown in Figure 6.1. 

The relationship between mean annual wool growth (x, g clean 
wool/day) and staple strength (Y, N/ktex) for ewes indoors is 
represented by the following regression equation: 

Y = ll.58X - 67.53 R 2 = 0.85. 

This equation indicates that for every 1 g increase in clean 
wool growth/day there was an associated increase of 12 N/ktex in 
staple strength. 

We also measured nutritional efficiency (wool growth/feed 
intake) and found a positive correlation between wool growth and 
efficiency ( R2 ~ 0.88). so it appears there is a positive 
relationship between increases in wool growth, staple strength, 
and efficiency. Because these results are independent of level 
of nutrition or different physiological states, it is assumed 
they represent genetic differences between animals. Genetic 
improvement in wool growth may therefore be associated with 
increased staple strength. Bigham et al.9 have shown a 
positive genetic correlation between increased greasy fleece 
weight and staple strength. 

Q. K.W. Are you saying that the animal that naturally produces the 
highest growth rate has the sounder wool? 
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Fig. 6.1. Mean values each month for feed intake (upper), live weight 
(wool-free, centre), and wool growth (lower), 
for indoor ( • - • ) and outdoor ( o - o ) groups of ewes 

A. K.G. Yes, and is more efficient. 

c. K.W. I would have expected the reverse because of evidence coming 
from Trangie Agricultural Research Station showing that the 
response of an animal that has a high rate of wool production in 
response to a large change in nutrition is likely to be more 
dramatic than that of an animal with a low rate of wool 
production. 

c. K.G. We find that high-milk-producing sheep are more efficient than 
low-milk-producing sheep. we also find that lambs with a high 
growth rate are more efficient than those with a low growth 
rate. So it seems that as metabolic processes step up, 
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efficiency also increases, and this phenomenon may be similar at 
the follicle level. These results have been obtained under 
conditions of controlled individual feeding and may be different 
to those under extensive grazing conditions in Australia. 

C. K.W. By its very nature, efficiency says that when food comes along 
you can make use of it. This means that you then expect a big 
increase in fibre diameter, and when food goes away production 
stops. However, sheep of low efficiency that produce a small 
amount of wool 'come hell or high water' will have a smaller 
response to changing nutritional conditions. So under grazing 
conditions you would expect the opposite result. 

c. S.D. We studied a Western Queensland clip from sheep running for over 
12 months virtually not eating anything and as you would expect 
their wool production was way down. Normally they would be 
23 µm but they were hungerfine, 18-19 µm. Their level of 
nutrition was uniform at practically nothing and their staple 
strength was sound at about 60 N/ktex. 

c. G.W. In one experiment we found that sheep running on clover over the 
winter produced sounder wool than sheep fed on grass even though 
they probably ate less. There is some evidence that sheep on 
clover utilise copper more effectively, but trials with copper 
or selenium supplementation showed no effect on staple strength. 

G.D. several speakers commented on the effect of sudden changes in 
the type of feed available causing a break in wool. It was 
suggested that this was due to a delay in the types of 
micro-flora of the rumen changing to be able to utilise the 
different feed supply. 

C. H.H. At Woodlands in southland a close relationship was observed 
between mid-winter herbage allowance and staple strength 
(subjectively assessed or objectively measured), as follows. 

Herbage allowance 0.7 1.2 1. 7 2.2 
(kg OM/ewe/day) 

Wool growth July-Aug, 3.0 3.8 4.1 4.3 
(g/day) 

Percent ewes with 80 65 46 28 
tender fleeces 

There was no relationship between allowance and wool price, 
i.e., no detectable premium for sounder wool. The absolute wool 
growth response to herbage allowance is small in winter and 
feeding above maintenance makes little sense unless a high 
lambing percentage is expected. 

With Romney and Perendale ewes fed indoors for 8 weeks in winter 
(Table 6.4) the relative effect of level of nutrition on wool 
growth (74\) was much larger than the effect on staple strength 
(24\). 
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Table 6.4 
EFFECT OF FEED INTAKE IN WINTER ON WOOL GROWTH AND STAPLE STRENGTH 

Level of Nutrition 

Low High Difference 

Intake 4.7 11.9 
(MJ ME/day)* 

Wool growth 3.1 6.7 3 .6 (74%) 
July-Aug. (g/day) 

Staple strength 2.0 2.5 0.56 (24%) 
(gf/tex) 

*ME= metabolisable energy 

6.5 Heritability - Repeatability 

c. G.W. A flock of hoggets was split and stocked at 16 and 26 sheep per 
hectare. We obtained a heritability of staple strength of 0.2 
at the 16 sheep per hectare and zero at 26 sheep per hectare. 
This indicates that nutritional effects are swamping out the 
genetic effects. Based on hand-assessed soundness in hoggets a 
genetic correlation of 0.74 was found between fleece weight and 
staple strength. If that is correct (genetic correlations are 
usually assessed with a low degree of reliability) you should be 
able to make rapid progress in improving soundness by selecting 
for fleece weight. 

c. M.B. We have obtained a number of estimates of the heritability of 
staple strength which varied from 0.0 to 0.6. The highest 
heritability was 0.58 for hoggets and the genetic correlation 
between staple strength and fleece weight was 0.3. 

c. G.W. The prospective gains you can make assuming various economic 
values for soundness and fleece weight, etc., and assuming 
heritabilities of soundness of 0.2 and of fleece weight 0.3 gave 
genetic correlations between them of 0.6. The inclusion of 
soundness as a criterion in a selection index did not improve 
the rate of genetic progress sufficiently to pay for the work 
involved. We base our model on 1976 and 1981 prices and, based 
on Wool Board data, estimated the premium for soundness as 
14 t/kg. When we included expected correlated changes in 
soundness and cotting as part of the extra returns from fleece 
weight selection, the attention paid to fleece weight in the 
optimum selection index increased substantially and it appeared 
that some progress would be made in reducing tenderness and 
cotting. 

c. D.R. Table 6.5 shows the correlation coefficients between staple 
strength in succeeding years for a Romney flock46. It is 
clear that the repeatability of staple strength measurements is 
sufficiently high to give an immediate improvement in the 
general level of soundness in a flock and suggest a reasonable 
level of heritability for staple strength. 
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Table 6.5 REPEATABILITY OF STAPLE STRENGTH MEASUREMENTS 

6.6 

Between-year correlation coefficients for the staple strength of 
Romney ewes 

1956 1957 1958 1959 

1957 0.50** 
1958 0.30** 0.21* 
1959 0. 30** 0.33** 0. 30** 
1960 0.26* 0.36** 0.08 0.22 

* = P < 0.05 ** = P < 0. 01 

Variability Between Staples within a sample 

G.D. This topic was discussed on many occasions. several 
participants felt that the high variation found between staples 
in some studies resulted from the method of measurement. 

Ross42 reported on the variation in force, energy, and 
extension between staples. In general the C of V between 
staples for force and energy was about 10\ for sound wools, 
increasing to 20\ for tender wools. 

6.7 Variability over the Fleece 

c. D.R. Table 6.6 shows the staple strength of samples from six 
positions on Romney ewes for three years. In general there was 
a reduction in staple strength through the series - neck, 
shoulder, britch, withers, side, and back. In each year the 
neck samples were the strongest, especially in 1958 when there 
was a severe break. The soundest wools had the lowest alkali 
solubility44 which indicates least weathering while the 
withers and back wool were most weathered. 

Table 6.6 VARIATION IN STAPLE STRENGTH* OVER THE FLEECE 
{Romney ewes) 

Year 1955 1956 1958 Relative 
No. 10 10 37 strength 

mean 
Position 
Neck 2.95 2.78 1.58 100 
Shoulder 2.47 2.45 1.00 82 
Britch 2.27 2.32 1.02 77 
Withers 2.22 2.30 0.92 75 
Side 2.05 2.12 0.96 71 
Back 1. 70 2.18 0.99 65 

* cN/tex at a gauge length of 64 mm 
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c. M.B. Table 6.7 shows the variation in the staple strength of Romney, 
Coopworth, and Perendale wool over the fleece. The neck and 
midside were strongest, the belly considerably weaker. 

Table 6.7 VARIATION IN STAPLE STRENGTH OVER THE FLEECE 
(three breeds) 

Position Romney Coopworth Perendale Mean 
N/ktex N/ktex N/ktex N/ktex 

Neck 30 35 36 34 
Shoulder 28 30 29 29 
Shoulder points 24 20 31 25 
Back 24 22 21 22 
Midside 31 36 30 32 
Belly 17 20 17 18 
Britch 29 35 31 32 
Britch points 20 25 23 23 

Mean 25 28 27 

C. W.R. In Campbell Island sheep the pattern of shedding is belly and 
back wool first, gradually spreading over the body with the 
forward/neck last to be affected. This wool may remain even one 
or two years later. 

C. M.B. I think this applies across the breeds. The Cheviot sheds the 
neck wool last. 

G.D. Bigham found the midside sample staple strength to be well 
correlated with that of other sites. This may be the best site 
for sampling when a representative value is required. In a 
biological study on the effect of some treatment on break, the 
neck and side may be more appropriate. 
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7. THE EFFECT OF SEASONALITY AND TIME OF SHEARING ON STAPLE STRENGTH 

7 .1 Seasonality H. Hawker 

The physiological basis of the seasonality of wool growth is complex and 
poorly understood. In the medium term there is some chance of being able 
to remove seasonality experimentally, e.g., by immunisation against 
melatonin. However, development of a practical on-farm technique in the 
forseeable future is most unlikely. 

Winter wool growth determines staple strength, but the relationship 
between the two variables is far from consistent. Figure 7.1 shows 
between-subclass relationships estimated from three experiments. The 
marked variation in slope may be attributed at least partly to variation 
in the length of the measurement period, the techniques used for measuring 
staple length, and the time between the period of minimum wool growth and 
shearing (a longer delay results in more cotting and therefore an 
over-estimate of staple strength). 
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Fig. 7.1. Relationship between staple strength and minimum wool growth 
SS = 0.92 XWG + 0.9 R2 = 0.86*** 

- - SS = 0.55 XWG + O. 7 R 2 = 0.50** 
- - - - SS = 0.26 XWG + 1.0 R 2 = 0.68** 

The relationship between staple strength and winter wool growth means 
that staple strength will be affected by any factor that affects wool 
growth in late winter. This includes age, physiological state, and level 
of nutrition. 

Manipulation of between-flock factors (pre-lamb shearing, better winter 
nutrition, etc.) does not appear to be a practical approach to improving 
staple strength. However, the variation in staple strength that exists 
within flocks does give cause for optimism. Associated with this is the 
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second (and possibly even more important) reason for being concerned about 
seasonality, viz., low winter wool growth means that fleece weights are 
lower than they could and should be. 

While there is a close between-flock relationship between the level of 
winter nutrition and average staple strength, there is considerable 
variation in both staple strength and fleece weight. 

The two are associated, i.e., mean fleece weight decreases with 
decreasing subjectively assessed staple strength. Mean figures from 
Woodlands (726 fleeces assessed) were as follows: 

Tenderness grade 

sound 
Slight tender 

l 
Tender • 
Very tender 

i 

Greasy fleece weight 
mean, kg relative 

4.42 
4.18 
3.98 
3.18 

100 
95 
90 
72 

As well as having lower mean fleece weights, ewes producing tender 
fleeces have a more pronounced seasonal pattern of wool growth than do 
ewes producing sound fleeces, as shown by the following data giving the 
production in g/day. That the difference is greatest in July/August is 
not surprising because that is the period of minimum wool growth when the 
fibres are thinnest and therefore weakest. 

Summer 
Autumn 
Winter-June/July 

-July/August 
Spring 

* Relative to sound= 100 

sound 

11.9 
10.9 
4.7 
3.5 
8.2 

Tender 

11.8 (99) * 
10.0 (92) 
3. 4 (72) 
2.1 (61) 
7.1 (85) 

Wool fibres will normally break at their narrowest point, but the 
variation in minimum fibre diameter within a flock only accounts for some 
40\ of the variation in staple strength. This may be due to the 
imprecision of estimating both minimum fibre diameter and staple strength, 
but there may also be other factors involved in determining strength 
(e.g., cortical cell composition). 

Ewes growing tender wool in winter may do so because they are 
inefficient at converting feed to wool and/or because their intakes are 
either inherently low or low because they don't compete successfully in a 
mob-grazing situation. The evidence from Woodlands is consistent with the 
idea of inefficiency because the differences in liveweight gain between 
ewes producing tender or sound fleeces on each allowance were small and 
inconsistent in sign. 

To examine this question more closely, 40 Romney and Perendale ewes with 
a history of either low (W--) or high (W+) winter wool growth but similar 
summer wool growth were selected from a large flock. The ewes were not 
mated and were penned individually indoors and offered either 500 or 1500 
g/day of a high-quality pelleted diet for 8 weeks in both winter and 
summer. Thew- and W+ ewes within each breed had very similar intakes and 
liveweight changes. 
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Thew+ ewes grew on average 40\ more wool in winter than thew- ewes 
(5.8 vs 3.9 g/day) and 4\ less wool in summer (10.2 vs 10.6 g/day). The 
w+ ewes had a 50\ higher mean staple strength than thew- ewes (2.7 vs 1.8 
gf/tex). Differences between thew+ and w- ewes were very similar on the 
high and low planes of nutrition, and also similar for the Romneys and 
Perendales. 

The historical difference between the W- and w+ ewes in sesonality of 
wool growth observed in the grazing situation persisted indoors and was 
independent of the plane of nutrition. The results imply that (1) the 
groups have genetically different wool growth patterns, with thew- ewes 
less efficient in winter in converting feed to wool, and (11) variation in 
winter growth and hence in staple strength is due to variation in 
efficiency of wool growth rather than to variation in feed intake. The 
difference between the W+ and w- ewes in wihter wool growth accounted for 
most of the difference in staple strength, suggesting that differences 
between thew+ and w- ewes in cortical composition would be small or 
unimportant. 

There ls now conclusive evidence of a genetic component of staple 
strength9. The genetic parameters estimated indicate that staple 
strength would respond rapidly to direct mass selection, but correlated 
responses in staple strength to selection for greasy fleece weight or the 
Sheeplan Index would be slow or negligible respectively. It is up to the 
wool industry to introduce objective measurement of staple strength and 
then demonstrate a clear relationship between staple strength and price. 
Ram breeders obviously cannot be expected to include staple strength as a 
breeding objective unless they have a financial incentive for doing so. 

7.2 Effect of Shearing Time 

7.2.l Pre-lamb and post-lamb shearing D. Ross 

In the 1950s there was a marked discount for wool shorn just before 
lambing, i.e., 'pre-lamb-shorn' wool. Although the pre-lamb-shorn wool 
was sound the fleeces were open and being 'different' from usual they were 
discounted by the buying trade. A major reason for developing staple 
strength measurement at-the Wool Industries Research Institute in Dunedin 
stemmed from investigating this situation and elucidating the 
manufacturing significance of these different shearing patterns. 

Table 7.1 shows the staple-strength data and their variation in flocks 
of Romney and Corriedale ewes42. Approximately half of each flock was 
pre-lamb and half post-lamb shorn. In testing, the bottom 19 nun of each 
staple was held in the lower clamp and the strength measured with a test 
length of 64 mm for the Romney and 38 mm for the Corriedale wool. 

It can be seen from Table 7.1 that the staple strength of the 
pre-lamb-shorn flock was from 2.0 to 2.7 times that of the post-lamb-shorn 
flock. The respective flocks were run together throughout the two years. 
Similarly the c of V of the post-lamb-shorn groups was double that of the 
pre-lamb--shorn groups. 

Table 7.2 shows the staple strength values for four Romney ewes in 1955 
and 1956. one side of each sheep was pre-lamb shorn the other side being 
post-lamb shorn. Again the results show the major effect of shearing time 
on measured staple strength., 
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Table 7.1 
STAPLE STRENGTH* OF PRE-LAMB AND POST-LAMB-SHORN FLOCKS 

Year Type No. Tenacity work to break 

mean c.v. mean c.v. 
cN/tex % mm.N/tex % 

Romney 

1955 Pre-lamb 151 10.4 23 377 21 
Post-lamb 98 3.9 53 160 51 

1956 Pre-lamb 133 9.1 27 352 25 
Post-·lamb 106 3.7 51 171 42 

Corrledale 

1955 Pre-lamb 93 6.4 18 145 19 
Post-lamb 95 2.8 48 73 44 

\ 

' I 

1956 Pre-lamb 96 5.7 19 155' 18 
Post-lamb 80 2.9 49 97, 40 

* gauge length: Romney 64 mm: corrledale 38 mm 

Table 7.2 STAPLE STRENGTH* OF HALF-SHORN SHEEP 

Sheep 1954 1955 
No. 

Pre-·lamb Post-lamb Pre-lamb Post-lamb 
cN/tex cN/tex cN/tex cN/tex 

1 3.6 1. 7 4.7 2.3 
2 6.0 1. 7 5.5 2.1 
3 5.1 1.9 4.9 3.4 
4 4.9 2.4 5.5 3.9 

Mean 4.9 2.2 5.1 3.0 

* gauge length= 64 mm 

7.2.2 Pre-lamb and post-lamb shearing H. Hawker 

Because wool growth is slowest in July-August pre-lamb shearing results 
in an ideal fibre because shearing coincides with the narrowest part of 
the fibre. If pre-lamb shearing was the norm a workshop on staple 
strength would be largely irrelevant. 

However, most longwoolled ewe flocks are shorn after weaning. i.e., 
between November and January. Pre-lambing shearing ls avoided for the 
following (and possibly other) reasons: 



- 47 -

Shearing in late winter would increase feed requirements prior to 
lambing: feed costs are higher then than at any other time of the 
year. 

The risk of post-shearing losses ls high in late winter. 

There has not always been clear evidence of a premium for sound 
pre-lamb shorn wool over weaker wool shorn post-weaning. 

Post-weaning shearing fits in better with farm management and shearer 
availability. 

Tradition. 

There is little chance of a widespread change to pre-lamb shearing 
unless the premiwn for sound wool ls dramatically increased. Annual 
shearing post-weaning will remain the norm {at least in the south Island), 
so the seasonality of wool growth becomes a real problem. 

7.2.3 second shearing M. Bigham 

At Whatawhata we measured the staple strength on three breeds for two 
second-shearing regimes. The first was May and November versus annual 
November shearing, the other February and September versus annual 
September shearing. The results are shown in Table 7.3. 

Table 7.3 
EFFECT OF SHEARING REGIME ON STAPLE STRENGTH (N/ktex) 

Breed 

Romney 
coopworth 
Perendale 
Mean 

Romney 
coopworth 
Perendale 
Mean 

February 

2nd shear 

55.1 
56.2 
52.9 
54.7 

May 

2nd shear 

68.1 
71.4 
63.0 
67.5 

Shearing regime 

September September 

2nd shear full year 

42.3 48.1 
47.3 47.3 
48.9 37.7 
46.2 44.4 

November November 

2nd shear full year 

69.3 32.9 
70.5 33.1 
65.5 35.8 
68.4 33.9 

For the May/November regime the second-·shears were considerably stronger 
than the full-year November fleeces. In the February/September regime, 
however, the February shears were stronger than the September shears and 
the latter were of similar strength to the full-year September fleeces. 

The data also indicate that the Perendale breed may be producing 
slightly weaker wool than the Romney or Coopworth. In seasonal wool 
growth studies at Whatawhata there were no differences in wool growth 
rates in winter between Romney, coopworth and Perendale wethers. We did, 
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however. show differences between the three breeds and the Cheviot. which 
reached its lowest wool growth level and its sununer peak some 4 to 6 weeks 
later than the other three breeds. In some years there were indications 
that the Perendale cycle was also delayed. which may not be surprising in 
view of its genetic origin. 

7.2.4 Effect of shearing time and lambing in Western Australia 
s. Douglas 

Ralph38 reported the effect of autwnn shearing in Western Australia. 
If you shear in the autumn you are going through the time of lowest 
nutrition. Table 7.4 shows the effect of shearing time on the hauteur of 
the top produced and the percentage of noil from Merino wethers. If you 
shear when the break is occurring at the end of the staple you get the 
longest tops, decreasing when the break ls towards the middle of the 
staple. The noil figures are not as impressive but increase as you move 
away from autumn shearing. 

Table 7.4 
EFFECT OF TIME OF SHEARING ON TOP HAUTEUR AND NOIL. AND ON VM 

Shearing Hauteur Noll Shearing VM content. \ 
date mm \ date mean range 

April 14 83.6 3.8 Feb 2 2.7 1.4-4.0 
June 5 79.3 4.3 Apr 4 2.7 1. 7-4.1 
July 27 72.9 4.5 Jun 5 1. 7 0.8-2.4 
Sept 17 65.1 4.2 Jul 27 1. 7 1.0-2.3 
Nov 11 65.5 4.7 Sep 17 1.0 0.4-1.2 
Feb 21 82.1 4.7 Nov 11 0.7 0. 3-·0. 8 

Also shown in Table 7.4 is the effect of shearing date on VM% for a 
3-year period at Mt Barker, W.A. If you shear in autumn in Western 
Australia you always finish up with more VM in the clip even though these 
are low levels of VM by Australian standards. There are therefore other 
factors to be taken into consideration regarding the effect of shearing 
date on processing. 

7.2.5 Shearing date and lamb performance 

A further experiment studied the time of shearing in relation to the 
time of lambing. Shearing in March or October after lambing in March gave 
top hauteurs of 85 and 63 mm respectively, while similar shearing times 
after lambing in June gave 78 and 71 mm respectively. Thus if you lamb 
and shear at the same time you get the longest top, but if you shear in 
October after a March lambing you get the shortest. 
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8. FIBR~ STRUCTUR~ 

8.1 Relationship of Ortho and Paracortex and Staple Strength 
G. Carnaby 

When thinking about this semlnar on staple strength I realised I had 
dlfflculty understanding single fibre strength and the significance of 
testing a tender fibre in isolation. What brought this home to me was the 
paper by Orwin et a1.37 who used breaking load plotted against diameter 
of the fibre at its poiut of minimum thickness to support the contention 
that changes in cortex composition affect the fundamental strength of 
material in the tender region. 

'l'he tensile data as plotted are, however, somewhat confusing owl.ng to 
the expected quadratic influence of fibre diameter and a more useful 
physical concept ls breaking stress rather than load. I have replotted 
the data in terms of this parameter (see Figure 8.1). The separation of 
the two curves above 20 µm supports the argument. However, in the region 
of marked change in orthocortex composition of the tender region (40-75%} 
between 12 and 16 llm there is no corresponding change in the ultimate 
breaking stress of tender material. An additional point for 12 µm sound 
material would also add much to the picture. 

Since the publication of this paper, Hunter et al. 31 have publistwd 
similar results, claiming an ultimate stress-carrying capacity of sound 
and tender material of 17.7 cN/tex and 12.4 cN/tex respectively. 

If this finding ls true, however, and the difference in stress-carrying 
capacity is due to the ortho/para ratio (or ortho/(para -1 meso}} what can 
be deduced from the data about the properties of ortho and para material? 
Can a knowledge of these two components provide us with a mechanistic 
model for predicting the properties of any fibre on the basis of its 
cross-sectional area at the thinnest place and its ortho/para ratio at 
that point? 

Consider the simple mechanical model given in Figure 8.2. This 
describes a rod of length (x + y} with a thin region of length y. The 
ratio of the cross-sectional areas of the thin and thick regions is rand 
the ortho/para composition in the thin and thick regions is not 
necessarily the same. Now suppose the hypothetical stress/straln 
properties of ortho and para material are as presented in Figure 8.3 in a 
two-phase piecewise approximation. 

Various equations can be derived; for example, the following is the 
equation for the initial modulus: 

If you take enough measurements off your single-fibre stress/strain 
curve you can begin to sort out whether that ortho/para mixture is causing 
a difference. There is one test we can do on the data we already have. 
These data are related to rupture. and the equation for ruptures ls 
conveniently simple: 
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Fig. 8.3. Hypothetical mechanical properties of ortho and para 

What Hunter reported was that the strength of the fibre material at the 
point of rupture in a sound wool was 17.7 cN/tex and in a tender wool 12.4 
cN/tex. orwln's figures were 20.8 and 16.6 so although there is a slight 
shift they are comparable {Table 8.1). 

Table 8.1 

Orupture, sound, cN/tex 

a rupture, tender, cN/tex 

Ortho , sound, % 

Ortho, tender , % 

aparamax, cN/tex 

Eortho·Erupture' cN/tex 

Oortho , cN/tex max 

STRESS DATA 

Hunter31 orwin37 

17.7 20.8 

12.4 16.6 

62.3 62.3 

73.1 73.l 

48 45 

0 6 

~17 

Using that last equation, you can in fact deduce what the maximum 
breaking stress of the para must be if the strength is a direct result of 
the change in composition. The para breaks first, and if you use those 
figures you get 48 cN/tex or 45 cN/tex for para respectively. The 
interesting thing is that the ortho material would either have to have no 
strength or make no contribution to the breaking stress that you've 
measured. That is only if the ortho and para proportions affect the 
strength of the fibre, if it's due to the structure. Perhaps it could be 
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due to the sulphur content or something l~ lse - we' 11 probably hear about 
sulphur being different as well. But if that strength difference is due 
to the percentage of ortho versus para, it follows that the strength of 
para material is some 40 odd cN/tex. You don't really stress the ortho to 
give any significant contribution at the point where we measure the peak 
load. It also follows that whatever the extensibility of the ortho, it 
would have an ultimate stress of less than 17 cN/tex. Now that is easy to 
check as there are some fibres around with nearly all ortho, so I'm 
perhaps just making a point that with these data we should in fact check 
with a further test whether that difference of stress of sound and tender 
material is due to the ortho/para mixture or to some other factor 
entirely, maybe sulphur contents. But it's certainly a difficult problem 
wt1en considering just one fibre. I'll leave the staples to others. 

8.2 Fibre Structure and soundness J. Fitzgerald 

Studies at Whatawhatal9 have shown that less than 30% of the variation 
in staple strength within the flock would be accounted for by variation in 
fibre diameter at the point of break. Further studies to determine 
whether cortical structure contributes to variation in staple strength 
between animals are continuing. Within-sheep and between-sheep variations 
in cortical structure or cross-sectional area of paracortex, mesocortex, 
and orthocortex have been measured. A number of general observations have 
been made. 

a. Although bilateral cell arrangement and total orthocortex generally 
occur at lower (less than 20 µm) and higher (greater than 50-55 µm) 
diameters respectively, random cell arrangement of the two or three 
cell types occurs over a wide range of diameters. However, a 
particular cell arrangement (e.g., bilobate) may be more prevalent in 
one sheep than in another. 

b. Within sheep, the proportion of orthocortex increases and the 
proportion of paracortex decreases with an increase in fibre 
diameter. The proportion of mesocortex increases with fibre diameter 
up to a point c~ 45-55 µm) and then declines and is replaced in the 
cell population by orthocortex. 

c. Generally sound wool has a higher proportion of paracortex at any 
particular diameter than tender wool over the mid-diameter range. 
However, interpretation of such comparisons must take into account 
that the fibre populations often have a different mean and 
distribution. 

d. The differences in percentage paracortex, orthocortex, and mesocortex 
between sound and tender fibres shown in Figures 8.4.- 8.5 and 8.6 
respectively. These populations were derived from 30 animals and the 
boundary between sound and tender staples was taken as 35 N/ktex. A 
slgnlficant difference between sound and tender wools occurs above 
30 µm for paracortex and orthocortex and above 42 µm for mesocortex. 
If intrinsic strength differences are envisaged it is likely that 
these may be due to a combination of percentage of cell types, 
cross--sectional cell arrangement. and the associated amino- acid 
composition of different cell types. 
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8.3 Follicle Productivity, Soundness, and the Interpretation of Staple 
Strength Results D. Ross 

A study64 was made on the wool growth of 10 Romney ewes over 18 months 
in terms of fibre length, diameter, and volume. The fibre or follicle 
production performance was compared across the array from large to small 
fibres. In general it was concluded that for wool free of medullation the 
change in fibre volume per unit area of fibre cross-section associated 
with a change in the level of wool production was constant over the 
array. There is a 'basic pattern' of wool production and the spatial 
n~latiunshlp of the follicles or competition between follicles does not 
affect their productivity. It was concluded that in mature ewes a11 
follicles have the same efficiency. 

Based on this relationship and the level of fibre diameter below which 
the follicle ceases to produce, the mechanical properties of a staple that 
would be expected from any change in product ion can be predicted. I 
consider this is a most useful relationship in interpreting the staple 
strength results of biological trials and it suggests that within a staple 
fibre tenacity is independent of level of production. The wide range i.n 
staple strengths of sound pre- lamb shorn wools (Table 7.1) indicates 
variations in fibre tenacity between sheep. 

8.4 General Discussion 

There was a long and wide ranging discussion on the relationship of 
these characteristics. Some of the points made were: 

You can't take a fibre that's considered to be ortho and stretch it, 
and apply the results to a bilaterally asymmetric fibre. 

The different ortho and paracortex you get in cashmere or wool are 
quite distinct but suggest that if there are any differences in 
mechanical moduli between them they are small. 

'I'he paracortex is generally on the inside of the crimp so would 
straighten first: thus maybe the orthocortex is not being stretched 
as much. 

'I wasn't denying that there was a change in the percentage of the 
orthocortex with changing fibre diameter: I was just questioning 
whether it was linked in any way to fibre strength'. 

If the proportion of orthocortex increases with increasing fibre 
diameter, and orthocortex is weaker than paracortex, shouldn't 
tenacity decrease with increasing fibre diameter? Most results would 
not support this. 

Is the intercellular cement the weak link where the fibres break? If 
it is, the proportions of ortho and paracortex may be irrelevant. 

In N.Z. Romneys the sulphur content may be highest in the winter when 
wool growth is lowest. However, this may not have any relation to 
fibre tenacity. 

There is quite a long inter· divisional progranuue being developed in 
Australia to look into the effects of fibre properties such as 
sulphur content, growth rate, and fleece weight on processing 
performance. I would be surprised if we get major differences in 
mechanical properties associated with variations in sulphur contlrnt. 
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9. STAPLE STRENGTH AND WCX>L MARKETING IN AUSTRALIA 

9.1 current Position s. Douglas 

I will start off by giving you an up-to-date look into the current 
situation in Australia in terms of how we sample and measure staple 
strength, and because there is an interaction with equipment: also staple 
length. 

I propose to start by describing the testing equipment that we have been 
using since 1980 and the sampling equipment which has been developed for 
conuuercial testing, and then Ken Whiteley and Mick Keogh will describe the 
new automatic testing equipment which is now under evaluation. 

The first question that we had to face in Australia was whether we 
should be looking at fibre length or staple length. Sampling of staples 
is a much easier problem than sampling fibres from bulk consignments and 
sale lots of greasy wool. Figure 9.1 from work in Australia and south 
Africa shows a fairly good relationship between fibre length and staple 
length in greasy wool. so on that basis most of the work in Australia has 
been devoted to the sampling and measurement of staples. 
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Fig. 9.1. Relation between fibre length and staple length in Merino wool 
r = 0.97 

Currently, woolbuyers appraise staple strength on a display sample which 
originates from a grab sample. The Australian standard for Grab Sampling 
is fairly similar to the New Zealand standard, or was until you made some 
recent changes. The Standard requires that at least one grab sample is 
taken out of every bale in the sale lot and we require a minimum of 20 
grab samples per lot. Our wool is sold in much the same way as in 
New Zealand. The coretest results are printed in the catalogue and there 
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are no documents displayed at the back of the box. The buyer assesses the 
staple length, staple strength, and any other characteristic that is not 
measured by coretest by subjective appraisal of that display sample. The 
average mass of the display sample is 4 or 5 kg but masses as low as 2 kg 
are quite conuuon. 

In 1980, we started to get involved in the application of new 
measurements and we took this display sample as the sample from which to 
draw staples for measurement. The inlt ial approach to sampling was fairly 
crude, but in fact this has been the basis for all the staple measurement 
research in the past four years. It involves spreading a display sample 
on a table and lowering onto it a gr id which has 60 holes in it. '!'here is 
an Australian Standard for subsampling staples which covers this 
particular feature. The operator is required to place his/her fingt~rs 
into one of those holes and draw whatever is gripped. Normally, a staple 
ls drawn but if a second cut is gripped it would be drawn. The Standard 
provides guidelines as to what you do when the staple is withdrawn. For 
example, you may have a staple which has wisps at either end. The 
operator then prepares the staple for measurement by removing those 
particular faults. They may pick up a staple in which part of it slips 
back. In this case, that part of the staple is pared off. In Australia, 
we have a fault called vegetable matter. When it is embedded in the tip 
we leave it there, but Ha piece of vegetable matter sticks out beyond 
the tip quite obviously, then it is pinched off before measurement. 

Because the operator has to take 60 samples and do all these tasks, the 
operator can influence the samples drawn. It is a fairly fatiguing 
operation: it takes about 10--15 minutes to subsample a nice fleece wool, 
and 20 or more minutes to subsample burry belly wool. 

Once a staple is drawn it is placed in an individual compartment in a 
specially made tray. These trays allow the staples to straighten out a 
little. Each tray holds 20 staples and the trays stack into each other. 
They have been built with a special lip so that when stacked they don't 
actually sit right down on the staples but allow air to circulate above 
each level of trays. The trays are loaded into a special case. We can 
sample in an out-centre and then airfreight the case to the laboratory for 
testing. 

Now, because of operator variation, slowness, and fatigue, it is obvious 
that lf we are going to move into a conunercial situation we have to 
develop an automatic method of drawing staples. The first stage of 
automation has been implemented. 

AWTA Ltd has developed a machine for drawing tufts of staples from the 
display samples. It is known as the Mechanical Tuft Sampling Machine (or 
MTS machine). The sample is laid out to a uniform thickness on a belt, in 
much the same way as we laid it out on the grid table. The machine is 
progranuned to take any number of staples, or tufts of staples, that we 
require, and it also caters for the fact that a 6-kg sample may cover a 
C(Ht.ain length of t.he belt., while a 4-kg sample may cover less. 

Instead of having a grid with holes coming down overt.he entire sample, 
we have a plate with three holes which comes down at regular intervals as 
the sample is moved by the belt through the device. The operator sets the 
control panel, depending on how much of the belt is covered by the sample, 
and keys ln the number of staples or tufts of staples required (usually 
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60). The 3-hole grid ls more sophisticated than the 60-hole grid. Rather 
than just being fixed holes which could break staples as they are being 
withdrawn, these holes will enlarge slightly under pressure, to facilitate 
withdrawal of whatever ls grabbed by the jaw. once the machine ls 
started, the sample moves forward, the plate comes down, and three sets of 
jaws come down through the holes and grab whatever ls there. 

The first action in the machine after the jaws close is to withdraw very 
slowly so that if the wool is tender there won't be any sudden movement 
which might break the staples. I have talked about staples and tufts of 
staples: unfortunately we are unable to get the jaws to grab one staple 
only, and so they collect either one, two or three staples as a rule. We 
have called these, for standardisation purposes, tufts of staples. once 
the tufts of staples are clear, the machine accelerates and the jaws move 
right up to the top of the machine. At the top of the stroke we have a 
collection device. Three pieces of pipe now swing up and under the jaws. 
The jaws then open to allow the tufts to fall off them - a jet of air 
encourages them to fall off. However, with a lot of our greasy wool, and 
particularly in the skirting lines, we have found that grease builds up on 
the jaws so that they don't release the staples or tufts as easily as we 
would like. We now heat the jaws to a temperature above the melting point 
of woolgrease and this modification now clears the jaws in every case. 

The tuft is then blown down onto what ls actually a continuous flow of 
flyscreen mesh which runs across the machine. The mesh rolls up slowly 
onto a reel and progressively wraps the tufts. once the tuft-sampling 
cycle ls finished, the belt moves along and the display sample falls 
automatically into a plastic bag. The next sample, which the operator has 
been laying out while the previous sample was being subsampled, is then 
ready for subsampling. The operator puts the label for that particular 
sample across the flyscreen reel and the next set of tufts follows. The 
reel will cater for up to 15 sale lots, each of 60 tufts. When full, we 
close it with sticky tape or an elastic band and put it into a bag such as 
we use for moving core samples to the laboratory. 

When the reel reaches the laboratory, we just do the reverse procedure. 
We run it across a table and the tufts unwrap from the reel. 
Unfortunately, we then have to adopt manual procedures to select a staple 
from each tuft. We have similar operator variability in terms of 
selecting a staple and preparing it as we had in the manual subsampling 
operation. However, we are doing this staple preparation in the 
laboratory under controlled conditions. We have about five operators who 
have become skilled in separating staples from these tufts. They are 
under supervision and quality control procedures can be monitored. This 
ls a much better way of controlling this aspect of our operation as in the 
future we might have 75 MTS machines throughout the country. If we had 75 
operators in as many different locations preparing staples, the quality 
control aspects would be quite horrendous. 

The prototype MTS machine has been successful and we now have six 
commercial machines installed throughout Australia. We are no longer 
doing any manual staple subsampling as 1t is now all being done by the MTS 
machines. 

The equipment that we have been using for measuring staple length and 
staple strength since 1980 has been developed by the CSIRO Division of 
Textile Physics. separate instruments are used to measure staple length 
and staple strength. It has been very good equipment. AWTA equipment has 
got to be robust. We work it for long hours and it must be reliable. 
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The trays of staples are stacked in a controlled-atmosphere room for 7.4 
hours to allow the staples to adjust to standard conditions. They are 
ther1 ready for staple length measurement. The staples are tipped out of 
the trays onto a feed belt which then moves the staples so they drop onto 
the belt of the staple- length measuring device. The staples line up like 
rail cars on the moving belt and go past the measuring head where the 
individual length of each staple ls recorded, displayed, and stored in the 
computer. The measuring head consists of a set of eight light· emitt lng 
diodes on one side and eight photo cells on the other. As soon as a 
staple intt:nrupts the light beams, a pulse- generating system starts to 
count. It has been designed so that it starts to count when only one 
light beam falls in intensity below 50%. As the staple moves forward a11 
eight beams are interrupted. The end of the staple is detected when the 
intensity of all light beams rises above 50%. 

The precision of mean staple length from 60 staples is ±. 6 nun. Thi.s 
includes the sampling component, which is the largest component. The 
measurement precision of the instrument is less than .:!.: l nun. 

The CSIRO staple-strength instrument that we have been using requires 
each staple to be loaded manually into the jaws and then broken. This 
instrument has the Caffin· type jaws. The base of the staple is loaded 
into the lefthand jaw and the jaw closed. The tip of the staple is then 
loaded into the other jaw and this is closed. '.l'he operator then activates 
the device which first measures the kilotex at the base of the staple. 
The load is then applied and the jaws separate, breaking the staple 
regardless of its soundness. At this stage the operator makes a 
subjective estlmate of the position where the staple has broken, recording 
it as either the tip, mlddle, or base region of the staple. 

There are gauge- length limitations with this instrument. It is only 
able to measure the strength of staples that are 55 mm or greater in 
length. Further, it can't measure staples that are less than 1 kilotex in 
thickness. Because of these limitations, the 60 staples measured for 
staple length may not all be measured for staple strength. The precision 
of the mean staple strength from 40 staples is±. 6 N/ktex (including 
sampling variation), dnd a result calculated from a minimum of 40 staples 
is required according to the Australian Standard. 

'1.'hus, the precision of the measurement of an individual sale lot is 
! 6 oon and~ 6 N/ktex for staple length and strength respectively. 
However, it is important to remember that if we combine, say, 20 sale lots 
into a conslgnme11t, then we obtain a prnclsion of approximately~~ l mm and 
:'-. 1 N/ktex for the consignment. 

In the last 12 months, AW'.l'A Ltd has conducted 2800 conuuercial tests for 
woolgrowers, buyers, and processors who have started to show interest in 
these new measurements. These conuuercial tests are in addition to 
research testing such as that conducted in the TEAM project. Last season 
the price for staple length and staple strength testing was $A 36.10 per 
lot. 

This season, AWTA Ltd have dropped the price to $A 27.50 for the 
woolgrower and $A 33. 50 for the wool buyer. The difference in the fees 
recognises that the woolbuyer is testing in a post-sale situation, while 
the woolgrower ls testing ln a pre-sale sltuation. In a post-sale 
situation, we have to be able to go out onto the show floor and collect 
the display sample out of the box after sale of that wool. '1.'here is more 
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cost in administration in order to do that. These fees are based on our 
current equipment. AWTA Ltd is prepared to subsidise the introduction of 
these measurements, and at these fees we are testing just below cost. 

With the introduction of new equipment AWTA Ltd will be reducing the 
price even further. The date for this reduction will depend on when the 
equipment is fully evaluated and standardised and can be used 
commercially. With this additional fee reduction, a woolgrower will be 
able to have length and strength tests done for $A 22.00. such a fee is 
comparable to the current fee for coretest of yield, fibre diameter, and 
vegetable matter. We see this low fee as an attractive rate to increase 
the amount of staple length and staple strength testing in Australia. 

Discussion 

Various questions were asked about the sampling procedure and its 
accuracy. 

Q. Changes in Australian grab-·sampling standard? 

c. s.o. We have just gone through a revision of this Standard and the 
only significant change is that the tolerance on the size of the 
individual grab sample has been relaxed. Now, after the first 
grab sample has been taken from the first bale the operator 
tries to keep the size of subsequent grab samples from that 
particular lot similar to the first one. He will replace grab 
samples if in his judgement they are extreme. In other words, 
if he pulls out half a fleece, he would then stuff that back in 
and draw again. The average display sample size is about 4 kg. 
The incidence of 2-kg samples is not great, but they do occur. 

Q. Sample representativeness and precision? 

C. s.D. In terms of the representativeness there is no evidence that 
suggests that the display sample isn't representative for staple 
length or staple strength. As a side issue, we have done some 
work recently looking at VM content and VM types to see whether 
the grab sample is as representative as the core sample. We 
found from objective tests that they both give very similar 
results in terms of the amount and type of VM in the sample and 
this work supports the early research on the representativeness 
of the grab sample. 

You ask whether the precision is the same for a post-sale test 
for a buyer. If the buyer has a shipment consignment of say 20 
sale lots, he would instruct us to collect the display samples 
for those 20 sale lots and we would treat each of them as an 
individual test and then combine the data. Thus, he would get 
20 individual results, plus a combined result with high 
precision. We do have some situations where a buyer may build 
up some sale lots privately and then want to regrab them for 
staple measurement. In this case, we will do individual tests 
on the basis of 40-bale components. So that if that buyer lines 
up 200 bales and wants to grab them as one consignment, we would 
do five tests for him and then combine the results. 

Q. A.E. Data from the AOMP showed that for all characteristics 
considered in grab sampling, the between-grab variance was 
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significantly greater than the between bale var lance. Have data 
been produced on staple strength? 

A. D.T. 'l'he CSIRO Division of 'l'extile Physics has been considering this 
problem. Recent changes in our standard do not represent a 
change in procedure but describe more accurately what is being 
carried out in practice. 

Q. E.W. Is there an operator bias in the staple-strength sampling 
procedure? 

A. S.D. Yes, we have done a lot of work 011 between-operator effects i.n 
manual subsampling and we have found some operators consistently 
draw longer staples than others. As a result, we have had to 
conduct within- and between-centre round trials, and some 
operators are found to be unsuitable. We are not sure of the 
full reasons for this. We find that the best operators are 
people who aren't trained in wool. Anyone who is a woolclass<:n­
tends to look at a staple with loving care and prefers a nice 
robust long staple to a short staple and so we have learned a 
little bit from that. In terms of drawing the staple from the 
tufts there is evidence that you tend to draw a longer staple if 
you take it from the tuft than if you took it direct from the 
sample. Some early work we did showed this, but we are 
monitoring operator performance in sampling staples from tufts 
more carefully. The Australian Standard describes a random 
selection process ln choosing which staple within a tuft should 
be selected. I think that even if the staple sample is 
length-biased and repeatable the results are meaningful, so long 
as the measurement is consistent. 

Q. M.A. When you roll the staple for transporting are you concerned i.n 
any way that you compress the staple? 

A. S.D. While we haven't really done any close work on this, we believe 
that once we have unrolled them, selected the staple from the 
tuft, placed it in the tray, and scored it in the controlled 
atmosphere room for 24 hours any such effects will be removed. 

Q. Average lot size? 

A. S.D. The average lot size core tested in Australia is 8.6 bales. 

Q. Who initiates staple strength tests? 

A. S.D. The grower generally tells his broker to have them tested. As 
the wool goes through the core- and grab- sampling line we are 
told that the grower wants a particular lot measured for staple 
length and staple strength. We then take the sample to our M'l'S 
machines, which are currently located at our laboratory or state 
offices, drdW the tufts, and then return this display sample to 
the sample security area in the broker's store where it is held 
until display and final sale. As the volwne of testi.ng 
increases we wil 1 be building M'l'S machines and putting them into 
the woolstores, probably in a sample security area at each store. 

Q. D.R. Who owns the sample? 
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A. S.D. The display sample is owned up until sale by the woolgrower. 
After sale it is taken over by the woolbroker, unless the buyer 
specifically asks for him to hold it for measurement or for his 
own reference purposes. Otherwise, the woolbroker automatically 
bulk classes the sample and pays the grower the price that it 
receives at auction less the handling costs (about 15\ of the 
price). With respect to the staples, once we have drawn and 
broken them they are the property of AWTA Ltd. We sell them as 
we sell our residue core samples and the income goes into our 
consolidated revenue. 

c. s.o. We find in the Australian situation that the more requests for 
specification that come back from the consumer down through the 
manufacturers to the growers, the more that tells us we are on 
the right track in providing additional measurements such as 
staple strength. About 85\ of Australian wool goes through the 
worsted system so the requirements of the comber for delivering 
tops to very tight specifications to spinners are very 
critical. It is very costly for a topmaker to have a 
consignment rejected for length. He must either go into his 
stock of tops to meet his client's needs, or buy greasy wool 
again conservatively and process it to ensure he meets the 
specification. Alternatively he may buy tops from his 
competitors but then he is still left with the short top that he 
must store or sell at a fairly significant discount. so if a 
measurement such as staple strength can be used to improve the 
purchasing of greasy wool by buyers and topmakers to ensure they 
can achieve the correct hauteur in the top, this is of 
tremendous benefit to them. 

9.2 ATLAS - Apparatus for Testing Length and Strength K. Whiteley 

I haven't been involved directly with the ATLAS programme so, I don't 
intend to attempt a description of its finer points. Firstly I would like 
to say that, in the Australian scene, the work on staple strength was 
really given a tremendous stimulus by the staple clamps that Roger Caffin 
developed. If he hadn't come up with that system I don't believe we would 
be where we are today and, even though they have now been superseded, 
there can be no doubt that his design gave us hope that one could grip 
greasy staples without slippage or damage. 

Of course if we get to the stage where the sale-by-description system is 
feasible, then the whole business of grab-sampling and testing intact 
samples will need to be rethought. one might extract from bales samples 
that look nothing like the present grab samples and it could be that 
grab-sampling, the MTS device that SAS Douglas showed you, staple 
selection from the tuft, and the subsequent preparation could all be 
combined into one operation using robotics that would draw and trim 
staples directly from the bales. As there will be a reduced requirement 
for a large display sample there is no point in trying to draw large 
quantities of wool from the bales, and then all sorts of advantages 
appear. We think in fact that there is quite a good prospect that we will 
use robotics to prepare staples and place them in a tray so they are ready 
for staple length and strength measurement (see Fig. 9.2). 



Fig. 9.2. 
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Servo robot developed for the Automated 
Subsampling Project, picking up a tuft of wool 

Figure 9.3 illustrates the ATLAS device. Staples are laid across an 
endless belt and fall onto another endless belt so that they are aligned 
end to end to pass through the length-measuring device. The staple is 
then taken up between two aprons which direct it into the clamping area. 
The clamps are of unique design; one face consists of a corrugated metal 
surface whereas the other is polyurethane. 
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The leading set of clamps seizes on the end of the staple and then moves 
away at a constant speed while the other end of the staple is sensed by 
the second clamp which is stationary. The staple is broken and the two 
'halves' and the broken pieces are drawn off onto automatic balances. The 
mass of the two segments, adjusted for the yield of the sale lot and the 
staple length, provides estimates of the staple thickness and the position 
of the break. There are now three conunercial prototypes of this device, 
two located at the Australian Wool Testing Authority and one at the 
Division of Textile Physics. They have undergone a thorough conunercial 
testing programme and have performed satisfactorily. The technology is 
now being transferred to an industrial partner, Kel Aerospace, and it i.s 
anticipated that more than thirty of the devices will be required for 
testing the Australian clip. 

It may be necessary to make adjustments to this equipment to test some 
New Zealand wools if the same principles are used. It is envisaged that 
the existing length-measurement technique will be replaced by an 
image--analysis system using the 'shape' program we have developed which 
allows a large number of options for the definition of length to be 
considered. For example, one could simulate both the CSIRO and the WRONZ 
techniques. In addition, the staple tip can be accurately defined and 
used for making decisions as to the location along the staple at which the 
clamping ls to take place. Algorithms have been developed for estimating 
other parameters such as crimp frequency, crimp definition, and colour. 
There are also possibilities of detecting tender regions and the 
arrangement of single fibres within the staple. Our enthusiasm for 
imaging is twofold: firstly, the ATLAS development presents us with an 
array of greasy staples representative of greasy sale lots in an ideal way 
for inspection and, secondly, the system provides us with the means of 
measuring all the usual characteristics that have formed the traditional 
basis for evaluation. If this can be achieved then, in purely technical 
terms, we must be close to sale by description. 

Discussion 

Q. D.R. This image analysis - I was always interested in the system that 
Grignet proposed of using a sensor to get an estimate of density 
along the staple or fibre mass. Does this sort of system you 
have got give you any picture of anything other than the gross 
shape of the staple? 

A. K.W. Yes, you can use a whole range of techniques, and we have 
thought of alternative ways of estimating staple strength, but 
we don't have sufficient confidence in any of them. Grignet has 
developed a system which he claims is as good as the 
staple--strength system. I personally doubt whether in fact he 
has looked at the range of wools necessary, but image--analysis 
techniques are developing very rapidly and we have been 
considering his approach. It is not out of the question that 
one might use an indirect system of measuring staple strength, 
but we haven't seen anything that gives us sufficient confidence. 

c. G.W. If I could also make a point on that one - that many years ago 
when the Wira Fibre Diagram machine was new, I actually saw some 
staples put through a Wira Fibre Diagram machine and in fact it 
appeared to be giving some very good indications of tenderness 
in the staple. 
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If you have nice tender staples you can get marvellous diagrams 
as it goes along like that and suddenly up comes the gap. You 
run into all sorts of problems if there is a lot of vegetable 
matter there, or other materials. If there is a very sharp 
narrow break region and your orientation of your staple is not 
exactly right, then again it ls not reliable enough in my 
opinion. 

c. L.W. I wonder if you would comment further on the suitability of this 
approach for long full-length crossbred wools. There has been 
quite a lot of discussion in New Zealand about whether these 
machines will or will not work on our wools and, of course, one 
will never know until one tries. There has been discussion 
about what are the potential hangups and what are the chances of 
success. 

A, K.W. The ATLAS machine is being built specifically for Australian 
wools. I would think, however, that there is a small percentage 
of wools in Australia that ATLAS cannot handle because they are 
too short or have poor staple structure. Indeed, with the 
photoperiodic nature of the break you get in New Zealand there 
may be a much greater possibility that you will be able to use 
image-·analysis techniques to detect weak points and to estimate 
strength without going into mechanical operations at all. I 
would be encouraged by the definite pat tern of tende.rness in New 
Zealand which we don't have in Australia. We get weaknesses all 
along the staple and this complicates the issue. 

Another aspect that should be mentioned is the task of staple 
preparation. We have to anticipate drawing and trimming 20 
million staples to meet future requirements. currently this is 
done manually but the risk of repetitive strain injury is 
obvious. Roger Caffin is using image processing to identify 
staples in the tufts drawn by the AWTA'S MTS device. The staple 
is then automatically drawn and trimmed by a computer-controlled 
mechanical arm. Consideration is also being given to a more 
radical rationalisation of the whole sampling and testing 
procedure for greasy wool staples to further reduce the number 
of discrete steps involved. 

c. S.D. You've done some work on measuring some New Zealand wools on the 
CSIRO staple--length meter. 

c. A.E. Yes, well I was going to make that comment. We, in fact, were 
kindly loaned a CSIRO staple-·length machine (which we have still 
got) and Steve Ranford did a quite detailed comparison between 
measurements obtained on a range of typical New Zealand wools 
from New Zealand merinos right through to Drysdales. 
Measurements were made both on it and with the much older and 
well-used WRONZ Staplemeter which has the basic carrier from the 
Australian system of a two-belt arrangement so that the staples 
are constrained quite definitely in a fixed way by the upper 
belt against the lower belt while they are transported through 
the light-beam detecting system. The net upshot of that work 
which was recorded for the IWTO and is available as a WRONZ 
Technical Report (No. Rl09) was that the two systems gave very 
comparable results on short blocky square-ended staples such as 
those of the New Zealand merino and some of the finer 
halfbreds. However, once you got into the tippy tapered 
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crossbred staples, particularly those like Drysdales, there was 
a marked short bias with the CSIRO system because of the lack of 
constraint on the staples and the very curly tips that you get 
on those longer crossbred wools. So the conclusion was that the 
existing CSIRO staple-length measuring system is not applicable 
to New Zealand crossbred wools. 

c. S.D. We will be starting to do some more work on the unusual types in 
Australia. The long crossbred wools are reasonably unusual in 
our situation. We increased the size of the lift on our MTS 
machine to make sure we would be able to handle much longer 
staples and to draw tufts. We have made trays that are wider 
than the normal tray to be able to take longer staples and I 
notice in the ATLAS which we have now got in AWTA's laboratories 
that when a particularly long staple is measured for length the 
computer recognises that there is a long staple heading towards 
the jaws of the strength section of the instrument -- two bars 
come up so that as the staple launches itself through one jaw 
towards the other jaw it doesn't collapse and dive down in 
between the jaws. I think we will learn a lot more when we 
start to test a few of these longer types which are more typical 
of your wools. 

c. K.W. As I have already mentioned, I believe image--analysis systems 
can overcome this length problem quite handsomely. They can 
provide a staple-extent measurement or they can trace the middle 
line of the staple and have the computer straighten it out to 
provide a stretched length. 

Q. A.E. How far away is that though? 

A. K.W. It ls a simple system and it is available now, although further 
data are needed prior to its acceptance as a technique that 
meets the requirements of existing and proposed standards. The 
information provided is very comprehensive as each staple is 
scanned many times. The main difficulty probably lies in 
obtaining agreement on how staple length is defined. 

9.3 The UNSW Length/Strength Instrument ('PERSEUS') M. Keogh 

As the UNSW staple length/strength instrument is being developed in 
friendly competition with CSIRO' s ATLAS instrument we felt that we had to 
come up with a suitable name for it. The UNSW machine was eventually 
dubbed PERSEUS, as it seems that many years ago Atlas and Perseus had a 
few battles. For those of you unfamiliar with Greek mythology, Atlas 
ended up being turned into a pile of rocks! 

The project was initiated at UNSW by Dr (then Professor) Ken Whiteley, 
and has received support from the Wool Research Trust Fund of the 
Australian Wool Corporation. The aim was to develop an instrument capable 
of automatically determining the length and strength of a large number of 
staples in a fairly short period of time. 

The current instrument, which is the third prototype built, is 
illustrated in Figure 9.4. The diagram shown in Figure 9.5 is of the main 
superstructure of the instrwnent and makes the various components of the 
machine a little easier to understand. 
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THE UNIVERSITY OF N.S.W. TESTER FOR STAPLE LENGTH AND STRENGTH 
1 ) The tray containing the conditioned staples moves through a feeder mechanism from which the individual staples 

are conveyed by suction to the testing apparatus .. 
2) Here the staple is held vertically for length measurement: then a second jaw grips the lower end of the staple and 

extends it to break. The two broken pieces are transported by suction to the chambers at left, 3) where they are 
weighed for the necessary calculations. 

Fig. 9.4 
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Fig. 9.5. Layout of the UNSW length/strength instrument 
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The instrument has two sets of jaws which are like the original caffin 
jaws which consisted of a set of interleaving plates which were able to 
grip the staple without cutting fibres. The jaws on Perseus have a 
slightly different design, but work on the same principle. The upper jaw 
is contained in a plate which pivots at a central point, conveying the 
force required to break each staple through the pivot to a force 
transducer which is situated at the rear of the top plate. 

Above the top set of jaws and below the bottom jaws are banks of 
light emitting diodes {LEDs) and photocells, which are used to detect the 
presence or absence of staples and activate the jaws. The bottom jaws are 
contained in a plate or crosshead, which is attached to the main pneumatic 
ram of the instrument. Also attached to the crosshead is a linear 
displacement transducer, which looks something like a bicycle pump and ls 
used to measure the displacement of the crosshead when both ends of a 
staple are gripped by the jaws. 

The basic philosophy in developing the instrument was that both length 
and strength of staples would be measured using a single instrument, 
rather than having separate machines linked together. The instrument that 
has been developed from this idea consists of four main parts. The 
crosshead and jaws are part of the main superstructure and all are 
pneumatically controlled. An electronics console controls the testing 
sequence of the instrument and also captures the length and strength data 
for each staple. A microcomputer ls interfaced to the instrument and is 
used to start and stop test runs as well as to collect data and carry out 
calculations. The fourth part is a vacuum system, incorporating a set of 
balances, which controls the movement of staples from the staple trays to 
the jaws and also the removal of broken staple ends to the balances for 
weighing. 

one way of explaining ln a little more detail how the instrument works 
is to follow a single staple through the entire system {see Fig. 9.6). 
The staple is first drawn up by vacuum from the staple tray and moved 
towards the jaws. As it passes along the delivery tube and approaches the 
jaws it triggers a photocell. This photocell controls a stopper, which 
moves across below the bottom jaws and releases almost all the vacuum. 
The base end of the staple comes to rest against the stopper and in doing 
so cuts off the light to the lower-jaw photocell. This initiates the 
downward movement of the crosshead and lower jaws, although neither jaws 
grips the staple at this stage. The crosshead continues to move down and 
away from the upper jaws, drawing the staple with it. once the tip of the 
staple ls clear of the upper jaw photocell the upper jaws close, gripping 
the tip of the staple. As the crosshead continues to move away from the 
upper jaws, the base of the staple is lifted clear of the lower jaw 
photocell at which point the lower jaws close, the length of the staple 
being gauged by the displacement of the crosshead. The staple is 
extended and eventually broken by the movement of the crosshead, the peak 
force to break being measured by the force transducer located above the 
top jaw plate. 

Once the crosshead reaches the bottom of its stroke the jaws reopen and 
the staple ends are drawn away by vacuum and delivered to the weighing 
balances. The balances are located inside specially designed enclosures 
which slow down the velocity of the airflow carrying the staple ends, and 
allow them to drop down onto the balance pans. Both balances are 
interfaced with the microcomputer: once weights have been received for 
both staple portions the next cycle commences. 
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PhotocelJ ..... 

..... 0 

• 0 

upper jaw 

lower jaw 

1. The staple breaks the 
lower jaw light beam. 
The crosshead moves 
downwards. 

2. The staple tip moves clear 
of the upper jaw light beam. 
The upper jaw grips the tip. 

3. The crosshead continues down­
wards. The staple base is 
lifted clear of the lower jaw 
light beam. The lower jaw 
grips the staple base. The 
staple length is recorded. 

4. The crosshead continues down­
wards and the staple is broken. 
The peak force to break is 
recorded. 

Fig. 9.6. The testing sequence for the UNSW length/strength instrument 
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The staple weights are corrected by the computer to a clean weight. 
using the test-certificate yield information which is entered at the start 
of a test run. The staple's linear density or thickness is calculated by 
dividing the total clean weight of the staple by its length. This figure 
ls then used to correct the peak force to break for the thickness of the 
staple, the result being expressed in units of newtons per kilotex. The 
point-of-break of the staple is also calculated by comparing the adjusted 
tip and base weights of the staple, and is expressed as a percentage from 
the tip. 

The data are stored for each staple and at the conclusion of a test run 
(usually 60 staples) the mean length. coefficient of variation of length. 
mean tenacity, and mean point-of-break are all calculated for each lot. A 
final point concerning the instrument is that 1t can be operated in a 
simplified version. without the computer or vacuum system. This system 
would have a lower capital cost and could be of use in a situation where 
high throughput was not as important, e.g .• obtaining strength data for 
individual animals. 

Discussion 

Q. e:.w. so you weigh each staple fragment; do you get a coefficient of 
variation? 

M. M.K. No. The computer retains the previous total weight of staple 
ends. and subtracts this from the new total weight to obtain the 
weight of the next individual staple. The data captured enable 
the calculation of distributions for all measurements. At the 
present time. processing trials indicate that mean length. 
length distribution. mean strength, and point--of-break are the 
important variables, and these will be reported. 

Q. w.c. How do you account for the possibility of the tip having a fault? 

A. M.K. Over a range of staples from different origins. the tip and base 
weights of a staple broken exactly in half will be approximately 
equal; however. there are difficulties in wools with a very 
dusty tip. or excessively weathered tips. The work carried out 
by CSIRO on this indicates that if the woolbase. VM content. and 
fleece type (whether fleece wool or skirtings) are known, then 
differences in the weights of tips and bases can be accounted 
for. 

C. K.W. When you break very dusty staples you get a shower of dust which 
is lost. 

Q. D.R. Do you have figures on the distribution of break? 

A. S.D. You tend to get a pattern for a particular sale lot. It's off 
the one farm so with any seasonal effect the break may be 
reasonably consistent within the lot. 

Q. G.W. Do you have any experience in handling tippy wools? 

A. M.K. We are fortunate in only having to deal with Merino combing 
wools which generally have well--defined tlps. There will always 
be a problem in any system that aims at automatically detecting 
the end of the staple, particularly in wools with a long thin 
tip. Some arbitrary decision was necessary for our instrument --
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at the moment we use 70% of maximum output from the photocell as 
one threshold and below this level the instrument considers a 
staple to be present. This figure is purely arbitrary and 
perhaps the only way to overcome this problem is to look at 
image analysis. 

c. K.W. We think that in the future we will have an image-analysis 
system to determine length, (~specially of tippy wools. However, 
it may st ll l require arbitrary decisions on how you define gauge 
length. We are working on this problem. 

Q. H.11. Do you get the same answer by calculating the staple stnmgth on 
an individual staple or a lot basis? 

A. M.K. The results using either method of calculation are virtually 
identical: however, by using the combined weight the 
distribution of strength and point of break are lost. For the 
time being we are using individual staple results in the 
calculations, although a system which used the total weight of 
d 11 staples in calculations would be much simpler. 

9. 4 The SAW'l'IU Length/Strength lnstrument 

c. s. D. The staple is fed between two rollers which measure its 1 inear 
density and plot a profile of it. The staple is then carried on 
a steel band about 10 nun wide. A jaw, operating vertically, 
grips both the tip of the staple and the band. The band applies 
the force pulling the staple through. A fixed horizontal-acting 
jaw grips the staple at its base without gripping the band. So 
the band and tip jaw move away, breaking the staple. The broken 
parts are sucked off by a vacuum and discarded. The linear 
density is measured by the auto- level effect of the rollers, and 
the force is measured by the belt and jaw breaking the staple. 
It seems to work quite well, but its biggest hangup as far as I 
can see is the preparing of staples for measurement. It has a 
cartridge like a giant comb. The operator has to load staples 
carefully between the teeth of the comb which seems a very 
tedious task. 'l'he comb is then loaded into the machine and a 
mechanical finger pushes each staple in turn out of the teeth of 
the comb into the rollers while the comb increments along slowly 
as the machine measures each staple. In making comparative 
measurements we have just done a small split- staple trial with 
the South African Wool Board but we have yet to analyse the 
results. 

C. A.C. If my memory ls correct the jaws grasp some 12 nun front the 
leading edge of the staple and draw it through capacitance 
rol ler.s which increase the profile showing the thinnest point, 
which ls assumed to be the point of break. The staple is then 
grasped 12 mm from the trailing end and the load measured after 
every 2 nun of extension until the staple breaks. The machine 
measures 60 samples in 5- 6 minutes. SAW'l'RI consider it wl 11 
also test mohair and they said there were few problems with 
tippy wool. The only difficulty is the software problem of 
defi.ning where a tip begins and ends. 
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10. STAPLE STRl<~NG'l'H VARIA'l'IONS WOOL CLASSING - WOOL MARKE'l'lNG 

10.1 Staple Strength s. Douglas 

It is from processing significance that you should really get your 
directions about what you should do in the classing area. In classing you 
can certainly make distinctions between sound and tender wool, but it is 
also a 'catch- 22' situation. 

If you want to make a very small tender line then you can get a large 
difference in staple strength of the order of 20 N/ktex from your bulk 
line, an enormous difference in price, and a difference of say 10 mm in 
your top length. However, if, as often happens, you make a large tender 
line you may only get a staple- strength difference of 5 N/ktex betwem1 
your lines, a difference in top length of a few nuu, and not necessar Uy 
any difference in price. 

Now 1f all the sheep had similar nutritional treatment during the year 
then, while their individual responses will vary, the overall contours of 
the fibres will be the same. So if you look at the length profiles of the 
tops made from your sound and tender lines the actual shapes of the 
distributions will be similar. If you didn't make a tender line you would 
get a processing performance that would represent the weighted average of 
your sound and tender lines. In most cases in Australia this would mean 
that 1f you left the tender wool in then the difference in the 
charncter.lstlcs of the tops would be slight. 

A general discussion followed on the effect of classing, with the theme 
that you could predict the processing consequences of various classing 
routines. 

c. K.W. If you separated out a sound line with perhaps 1% lower noilage 
the tender line may be small and have 3 or 4% more noil but why 
bother if you can predict length if you had left them together. 
If there are other accompanying factors with tenderness these 
may have a separate influence. 

c. W.R. In many New Zealand clips tenderness and other faults often go 
together. Classers often sort for tenderness on a hit-and-miss 
basis which negates any effort to make separate lines. 

c. S.D. Similarly in Australia there is often little consistency in 
classing out separate lines of tender wool. Rottenbury and 
smith 57 obtained a difference in combing noil of about 2% 
between sound and tender lines. on today's market there would 
be about 10¢ difference in price and the sound- line top would be 
5--6 nun longer. You have to balance this against Whiteley's 
conuuents. There is more wool in the main line and if you 
combine the tender wool into that line the overall change in the 
average hauteur and noilage would be quite smal 1. In Austra li.a 
98.5% of the wool going through auction is sold by sample. 

c. L.W. one of these things that is of real interest to me is the effect 
of skirting. About half of our crossbred wools are skirted, 
some 10% of the body wool being removed as first pieces. The 
drgument continues as to what is the right thing to do from an 
economic point of view, but one of the interesting things is 
what effect does it have on fleece characteristics. some 
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preliminary trial work suggests that skirting has no effect on 
staple length in crossbred wools. The strength issue hasn't 
been addressed as such but one wouldn't expect skirting to make 
much difference. It seems that colour is the primary 
characteristic that can be changed by skirting, but then only in 
some clips. 

c. K.W. It astounds me how little research has been done in the staple 
strength and fibre length areas. In terms of length, the 
skirtings may be about 10 mm shorter than the main fleece. 
Since measurement has come in many people have been surprised at 
the length of skirtings. In Australia the importance of 
skirting is primarily in the removal of stained fibre. It is 
most important to remove urine·· or pizzle-stained wool which may 
appear to be pigmented and may raise the number of dark fibres 
in a delivery to an unacceptable level. The other aspect is the 
removal of VM where it may be disproportionally high compared 
with the rest of the fleece. Skirting is done primarily to 
remove stained fibre. 

c. H.H. It is difficult to get clear-cut guidance front woolbrokers on 
the true value and total return from subdividing lots going for 
auction. In one trial a broker split our delivery into about 10 
bins but we could find no relationship between the bins and our 
objective measurements on the fleeces. 

c. M.K. Australian brokers encourage clients to take out a top line but 
it is doubtful if this pays in overall return. 

G.D. The discussion continued on premiums (or their absence) for 
quality. 

10.2 Variation in Staple Strength through the season and Wool Marketing 
D. Ross 

For 5 years I sampled the best bins in Donald Reid's Dunedin woolstore 
for Halfbred and fine, medium and strong XBd made throughout each season 
and for one year I also sampled the best bins in four Dunedin and three 
Christchurch woolstores, including a Merino fleece bin. 

The pattern and level of staple strength was very similar in the F, M 
and S XBd bins. Table 10.1 shows the mean values for each sale for the M 
XBd bins over the 5-year period. The mean fibre diameter was 36 µm. 

Table 10.1 shows that the staple strength drops off through the selling 
season with the wool sold after Christmas having only half the strength of 
the wool sold early in the season. The staple strength pattern is 
comparatively consistent between years although in 1959/60 the wool showed 
a bad break (low November figure) compared with 1958/59. Each bin was 
also tested for hand-breaking grade on a scale of 5 = sound, 1 = very 
tender (see 10.3 below) and where a break occurred the break level was 
measured as a percentage of the staple length up from the butt. The trade 
only classified those staples graded as 1, that is, 'very tender', as 
being unsound. 

Table 10.2 shows that the hand-breaking grades of the Crossbred bins 
exhibited the same pattern of strength as the staple strength results. 
The percentage of tender wool increased rapidly up to the third sale while 
as would be expected the break level rose from 25% to about 40% of the 
distance up from the butt. It is clear that with careful hand testing 
changes in staple strength can be satisfactorily estimated. 
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'!'able 10.1 
STAPLE STRENGTH DATA* FOR BES'f QUAL l TY BINNED 48/50s (36 µm) 

sale 1st 2nd 3rd 4th 
Closing date Mid· Oct. Mid·Nov. End·Dec. April 

Year Mean 
56 57 64 50 31 30 '14 
57 - 58 69 56 30 33 46 
58 .. 59 66 63 33 42 51 
59 60 69 33 35 34 43 
60 61 68 43 25 33 40 

Mean 67 49 31 33 45 
Percent 100 n 46 49 

* kgf/g at a gauge length of 64 nuu 

Table 10.2 
HAND BRl:';AKlNG GRADE DA'l'A OF BES'!' QUALITY CROSSBRED BINS 

Sale 1st 2nd 3rd 4th 

Hand-breaking 
grade 4.7 3.6 2.3 2.5 

Percent staples of 
grades 3, 2, 1 6 44 78 72 

Break level from 
butt, % 25 32 39 

Within each sale there was a wide variation in staple strength: overall 
the c of V of staple strength increased from 33% at the first sale to 53% 
at the last. 

The Merino bins did not show as marked a decrease in staple strength or 
hand-breaking grade through the season as the Crossbred bins but they had 
a somewhat higher percentage of tender staples of grades l, 2 and 3. The 
Halfbred bins were intermediate between the Merino and the Crossbred bins. 

It ls again worth repeating that these bins were the best made by the 
woolstores and were offered right through the season. A similar pattern 
was found for lots sold under farmers' own brands. 

Associated with the decrease in staple strength through the season was a 
considerable decrease in the style grade of the wool. However, over the 
five years of this trial no premium was paid (on a clean basis) for the 
better-style high-strength wool. While there may be a premium for style 
between lots within a sale, the absence of any long-term premium for sound 
better-style wools gave no encouragement to improving the standard of the 
New Zealand wool clip. The time of sell lng a lot of wool may be more 
important than its quality. 



- 76 -

10.3 Relation between Staple Strength and Hand Assessment 

staples were hand-graded for soundness as follows: 

Sound, unbreakable. 

D. Ross 

Grade 5 
Grade 4 very slight break: staples 'gave' on stretching but did 

not break completely. 
Grade 3 
Grade 2 
Grade 1 

Slight break: staples broke under strong tension. 
Break: staples broke under medium tension. 
Bad break; staples broke under light tension. 

some 3,500 samples of wool have been tested for hand-breaking grade and 
staple strength, as follows: 

Lot A 
Lot B 
Lot C 
Lot D 

721 samples of Romcross 42 (gauge 64 nun) 
1680 samples of Romcross 45 (gauge 64 nun) 
560 samples of Halfbred 45 (gauge 38 nun) 
560 sarnp 1 es of Merino 45 ( gauge 25 nun) . 

The mean results are given in Table 10.3 and in graphical form in Figure 
10 .1. 

Table 10.3 HAND-BREAKING GRADE AND STAPLE STRENGTH 

Hand· Staple strength, kgf/ g 
breaking 
grade Lot A Lot B Lot C Lot D 

1 20 23 55 107 
2 28 35 68 116 
3 35 39 75 123 
4 42 51 85 134 
5 50 74 105 150 

Staple strength, cN/tex 
5 3.12 4.64 3.89 3.67 

For each group of wools there was a near--perfect relationship between 
the hand-breaking grade and the mean staple strength. However, the 
within-group strength variation was high ranging from about 40% c of v for 
the most tender wools to 25% for the sound wools. The within-group 
standard deviations of strength were greater than the difference in means 
between adjacent groups, indicated by the correlation of r ::: 0.65 between 
individual staple strength results and breaking grade. This method could 
not differentiate between sound and very sound wools which had strengths 
covering a range of about 2 to l while only the grade-1 tender wool would 
have been classified by the trade as having a break. The staple strength 
values of the sound (grade 5) wools are also given in cN/tex in Table 10.3 
and show that overall the Romcross wools of lot.B had the highest tenacity. 

Figure 10.2 shows the distribution of staple strengths for a Romcross 
flock over a two-year period, one-half of the ewes being pre-lamb shorn 
and the other half post-lamb shorn. The ranges for the hand-breaking 
grades are indicated and clearly grade 5 - very sound - does not 
differentiate between the soundness of staples with a wide range of 
strengths. 
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Table 10.4 gives the ranges in cN/tex for the hand-breaking grades of 
these Romney wools ( gauge length • 64 nun). 

Table 10.4 STAPLE STRENGTH RANGES FOR HAND-BREAKING GRADES 

Hand 
breaking 
grade 

5 
4 
3 
2 
1 

Soundness 

very sound 
sound 
slightly tender 
tender 
very tender 

Staple strength range 
cN/tex 

> 3.5 
2.9 - 3.4 
2.3 - 2.8 
1.7 - 2.2 

< 1.6 

c. K.G. In a small sample of Romcross ewe wools we found that 39% of the 
variation in hand-assessed strength on a scale of 5 to 1 could 
be accounted for by variations in the measured strength. 
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11. TRIALS ON THE PROCESSING SIGNIFICANCE OF STAPLE STRENGTH 

11.1 TEAM Project --- Trial Evaluating Additional Measurements 71 
s. Douglas 

I would like to talk to you about a project which has been running for 
three years in Australia. The data are now complete and we are in the 
process of assimilating and writing them up. The project is known as the 
TEAM Project, TEAM being an acronym for Trial Evaluating Additional 
Measurements. In Australia, we are pr imar Uy concerned with providing 
greasy wool which a buyer can convert, through combing, to a top that he 
can sell to a spinner. The speclfication of tops is now very precise. 
The influence of coretesting for micron, vegetable matter, and yield in 
determining price ls very important. Using the Schlumberger dry-comb 
coretest yield and correlating it with processing performance, topmakers 
and merchants can get a very reliable prediction of the actual yield of 
top and noll. Similarly, the relationship between the core test airflow 
micron for greasy wools and the airflow fineness of the top is very close 
and the topmaker has a reliable prediction of that. However, prediction 
of the length of top has relied on subjective estimation and the TEAM 
Project was aimed at providing more information on the relationship of 
objective measurements to top length and processing performance. 

Firstly, a brief sunuuary of ear lier pilot processing trials relating to 
top length will be useful. Ken has already described the relationship 
between fibre length and staple length (Fig. 11.1), which is a swrunary of 
work by SAWTRI and CSIRO. subsequently, CSIRO did some controlled 
experiments to find the effect of certain raw wool characteristics on the 
length of top. In these experiments, which were conducted on pilot 
processing machinery, all major characteristics were kept constant except 
one. so it was possible to observe the influence of that single variable 
on the top length, etc. Figure 11.2 illustrates two experiments examining 
the relation between hauteur and staple strength. one experiment was on 
20-µm wool and the other on 22-µm wool. Staple length and vegetable 
matter content were controlled. As one would expect, as the wool gets 
sounder it produces a longer top, although the research indicates a 
limiting effect on top length at high strength values. The three lines in 
each experiment show the effect of different comb settings. This ls 
obviously a factor influenced directly by the processor. 

The position of break - what effect does that have on the length of the 
top? Wools were selected of similar staple length, strength, and VM 
content, but wlth different positions of break. A break close to the tip 
or the base approaches 0%, while a break in the centre would be 50%. The 
results of processing experiments are shown in Figure 11.3. As you would 
expect, with a break ln the middle you get a shorter top than if the 
staples have broken towards the ends. 

Another thing important to the processor ls the romaine, or the 
percentage of noil. In Figure 11.4, we note the effect of staple strength 
on romaine. As the strength increases you tend to get a smaller 
percentage of noil. The effect of comb setting can also be noted. 

These basic effects are what you would expect front control led 
experiments. But in real life we are dealing with sale lots of greasy 
wool, with variable characteristics, which the buyer amalgamates into 
consignments. These lots will have different lengths and strengths. So 
how useful can measurement of these characteristics be in assessing top 
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length, when each characteristic has some influence on top length and 
processing performance? To find out whether it was possible to predict 
top length from greasy wool measurements, the CSIRO processed 39 
consignments in one mill. The degree of association between the various 
raw wool characteristics and the fibre length of the top was as follows. 

Core test (yield, VM, micron} 
+ staple length 
+ staple strength 
+ position of weakness 

Best statistical fit 

% 
31 
74 
93 
94 

96 
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The coretest information on fibre diameter, yield, and vegetable matter 
of the 39 consignments explained 31% of the variation in fibre length 
between consignments. This ls not very significant, but if you add staple 
length into the regression equation it increased the association to 74\, 
while staple strength lifted it to 93%. The position of weakness had only 
a marginal effect. On bringing in some square- and cross-product terms, 
the best-fit regression gave a 96\ degree of association. Thus 96\ of the 
variation in hauteur of the tops produced in that mill from those 
consignments could be explained by those raw wool measurements. so this 
was the situation where a fairly good relationship was able to be 
established with one mil 1. It then became important to see if it had 
wider implications in other mills and in other countries. Consequently, 
the TEAM Project was evolved as a joint project between CSIRO, AWTA Ltd, 
and the Australian Wool corporation. 

I think one of the most interesting features about the TEAM Project is 
the participation of industry. We have had 14 combers throughout the 
world taking part: 10 topmakers who have combed wool at some of the 
commission combing mills that were in the trial; 25 different Australian 
woolbuying firms purchased the wool for the consignments; and 52 
woolbroking and private treaty merchants who sold the wool cooperated in 
making sure that samples were available for us after sale. 

The combers and topmakers who have been involved were the following: 

Australia 

France 
West Germany 
India 
Italy 
Japan 

Korea 
U.S.A. 
U.K. 

canobolas Wool Topmaking Pty Ltd 
River ina Woolcombing Pty Ltd 
F.W. Hughes Pty Ltd 
Port Phillip Mills Pty Ltd 
Peignage Amedee 
Bremer Woll --Kammerei 
Raymond Woollen Mills Ltd 
Pettinatura Italiana 
Nippon Keori Kaisha Ltd 
Toa Boshoku Company Ltd 
Cheil Wool Textile Company Ltd 
Burlington Industries Wool Company 
Sir James Hil 1 & Sons Topmakers Ltd 
W. & J. Whitehead (Laisterdyke) Ltd. 

Unfortunately, the two U.K. mills have had to drop out of the project 
for commercial reasons. 

The object of the trial was to comb 20 consignments at each of the 
remaining 12 mills, giving us approximately 240 consignments. Obviously, 
utilising Australian wool research funds, the project was limited to 
Australian wool. The average size of consignment processed was about 150 
bales, comprising 15 sale lots. we weren't able to restrict or limit the 
types that the mills were buying; the project was based on their normal 
purchases, although as the trial progressed we tended to encourage the 
mills to process a spread of types if they could manage it. 

The collection of data is now finished and we have 
250 conslgrnnents. Table 11.1 swrunar lses the data we 
January this year when we issued an interim report. 
of the spread of types, microns, and VM content. 

done just fewer than 
had available at 
It gives you an idea 
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Table 11. l DESCRIPTION OF CONSIGNMENTS 

Wool type 
Fleece types only 
Skirting types only 
Fleece/skirting blends 

Fibre diameter 
Finer than 20.0 µm 
Between 20.0 and 23.0 µm 
Between 23.1 and 25.0 µm 
coarser than 25.0 µm 

Vegetable matter 
Less than 1.0\ VM base 
Between 1.0 and 3.0\ VM base 
More than 3.0\ VM base 

Number of consignments 
Total bales in project 
Average consignment size 

Composition 
\ 

195 
30000 

157 bales 
16 lots 

72 
22 

_§_ 

100 

21 
59 

7 
_ll 

100 

41 
31 
28 

100 

Now, when the buyers purchased these lots they had the coretest 
information in the catalogue. However, in terms of the length and 
soundness assessment they used normal subjective appraisal. After they 
had purchased the wool and put the consignments together we collected the 
display samples and conducted additional measurements for length and 
strength. Table 11.2 gives you an idea of how the woolbuyers in the 
project had been putting the wools together. 

Table 11.2 WITHIN CONSIGNMENT VARIABILITY 
(range of sale-lot measurements within consignments) 

Mean fibre VM base Staple Staple 
diameter length strength 

m \ mm N/ktex 

Average 1.5 2.6 27 30 

Maximum 5.8 12.1 76 55 

Minimum 0.3 0.3 5 7 
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Looking at data between consignments ls also interesting. Figure 11.5 
shows the data for staple length. The mean staple length of each 
consignment ls represented by one of the black triangles. Each line 
represents a mill coded so that its identity won't be revealed. The first 
thing to note ls that some mills comb a wide range of types while others, 
e.g., mill 22 and mill 26, comb a much narrower range of types. Very 
generally, you can see that their suppliers who buy the wool at auction 
are producing similar consignments reasonably well by subjective appraisal 
of staple length. The story gets a little different when you have a look 
at a similar figure for the staple strength of consignments (Fig. 11.6). 
Here we see a wide range of staple strengths between consignments for all 
mills. With one or two exceptions where the staple strength was below 30 
N/ktex, all the wool was purchased as sound. Referring once again to mill 
22 and mill 26, which had a very narrow range of staple lengths, we notice 
a wide range of staple strengths (20-·30 N/ktex) of wool subjectively 
appraised as sound. We are confident that 1t is this particular objective 
measurement that is going to be able to improve performance. 

Having all these data, we are able to develop regression equations for 
each of the mills, relating the greasy wool measurements to the top 
characteristics. Table 11.3 ls a sununary which needs some explanation. 
As you know, the suitability of this technique depends on the number of 
observations that you have in it. The regressions involve various raw 
wool variables, the nwnber of terms being related to the nwnber of 
observations. The raw wool variables listed in Table 11. 3 are the best 
sets of variables found for the particular wools processed in those 
particular mills. The figures in parentheses are for a subset comprising 
fibre diameter, staple length, staple strength, and VM. We have found 
that these are the four characteristics that appear to have most 
significance in all mills, so we have examined them as a particular 
regression in all mills. Table 11.3 also shows the multiple correlation 
coefficient and the mean square error for each regression. Ideally, a 
regression with a large correlation coefficient and a low mean square 
error will indicate a fairly good predictive equation. The project had 
several mills where the relationships were obviously very good. However, 
different characteristics have become involved. This is an indication of 
the spread of types that a particular mill has combed. some had a 
narrowe1· range of types, others had a wide range of types. There are 
exceptional values which required further investigation, for example, 
those of mill 26. As part of the trial we have been collecting samples of 
tops from each mill in addition to accepting the mill's own Almeter 
measurements. In this particular case, when we remeasured the tops on the 
Almeter ALlOO at CSIRO, Ryde, we lifted the lOO.r2 value up into the 80s, 
and CSIRO were able to show that the mill's Almeter was not functioning as 
it should. 

The work and analyses have progressed further and I will soon be 
visiting the mills for the final debriefing. Since the analysis shown in 
Table 11.3 was made we have managed to improve the regression statistics 
for mill 28 by adding the factor which categorises the wool in terms of 
fleece and non--fleece. This has brought the 100. r 2 up to 98 and reduced 
the MS8 to below 2.0 after combing 21 consignments. This gives us an 
indication of the potential of the measurements for a mill that has very 
good quality control, combs a good range of types in all categories of 
length, micron, and vegetable matter, and builds up a database. This mill 
is now continuing to build up its database by commercial tests and it will 
be able to develop a very good equation to enable the prediction of 
hauteur in the top. 
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Table 11.3 SUMMARY OF BEST MULTIPLE REGRESSION SUBSETS 
FOR PREDICTING HAUTEUR 

Mill Nwnber of Raw wool 100 r 2 
MSE 

code consignments variables 

28 16 L, S, WB, b* 97 (94 )-t 2.3 (4.7)+ 
18 11 L, S, PoB 97 (94) 3.4 (8.1) 
23 12 D, S, VM 95 (96) 2.8 (2.9) 
17 10 PoB, VM 81 (82) 1.1 ( 1.5) 
15 19 D, L, S, PoB 95 (95) 7.4 (8.4) 
19 21 L, S, PoB, WB 85 (81) 9.8 (11.8) 
20 11 L, S, WB 92 (93) 4.6 (5.1) 
25 12 L, PoB, L* 79 (61) 8.1 (17.2) 
22 14 D, L, S, PoB 83 (75) 2.8 (4.0) 
24 12 D, L, b* 91 (87) 7.0 (11.6) 
26 11 s, VM 42 (77) 7.7 (4.0) 

t subset D, L, S, VM 

The project ls also looking at other top characteristics, in particular 
romaine (noil %) • The potential to predict this characteristic is high. 

Perhaps the most exciting finding from the project is the possibility 
that we can establish a universal equation that ls an average equation for 
all mills. For example, an equation might have the format: 

where: H ::: theoretical top length 
D::: mean fibre diameter 
L::: mean staple length 
s::: mean staple strength 

VM::: mean VM base 
x 1 x 2 x 3 x4 x 5 ::: constants. 

Ideally, a theoretical top length could appear on certificates and in 
sale catalogues and be used as a basis on which buyers could compare the 
theoretical performance with the actual performance. With the data 
available so far, we have found that there are no significant differences 
in slope between regression equations for the mills, although constant 
differences exist. From TEAM data we have found that, once you have 
established a theoretical formula, if you were able to substitute the same 
wool for processing in all those mil ls you would find that one of them 
could comb a top up to 8 mm longer than another one. Topmakers using 
commission combers have usually considered that some mills will comb 
better tops than others. However, other factors in topmaklng must be 
considered, e.g., cleanliness, romaine. 

We believe that as more and more measurements become available in the 
catalogues, the buyers will be able to estimate the result to be expected 
at a particular mil 1, in the same way that they use core testing today. 

some more evidence on the importance of staple strength has come out of 
the trial. Table 11.4 swrunarises a particular trial at one mill. Batches 
A and B were originally delivered as one consignment and the mill asked us 
whether we could split it into two batches to create a difference in one 
of the characteristics so they could observe the effect of that 
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Table 11. 4 SPLIT-BATCH TRIALS 

Lot A B C D 

Fibre diameter, µm 23.6 23.4 25.1 25.1 
Staple length, mm 112 112 111 110 
Staple strength, N/ktex 38 50 37 46 
Position of weakness,%* 62 63 60 60 
VM base,% 0.5 0.5 0.5 0.4 

* di.stance from tip 

characteristic ln processing. In this case we created a difference i.n 
staple strength of 12 N/ktex, while all the other measurements were 
similar. The mill processed the two consignments consecutively and B 
combed 6 mm longer. The trial was repeated with another consigrunent (c 
and D), a slightly coarser wool, and a distinction of 9 N/ktex was made. 
In this case, the mill again got 6 nuu greater length in the top from the 
sounder wool. The differences in both trials were essentially due to 
differences in staple strength. The wool was purchased subjectively as 
sound wool, and this mill can now see that these measurements will be 
useful for allocating wools more efficiently for processing. 

Finally, Figure 11. 7 provides a sunuuary of the staple strength of fleece 
wool over the seasons covered by the TEAM Project. It shows that the 
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Fig. 11.7. Seasonal variation in staple strength in the TEAM Project 
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average staple strength of the fleece types that were in the TEAM Project 
from the eastern states plummeted to below 30 N/ktex in spring in the last 
year in Australia as a result of the drought. The impact of this wasn't 
felt till January 1984, when the industry started to get some feedback 
from processors in Europe. Mills and topmakers were complaining that the 
tops they were producing were much shorter than they had expected yet they 
thought the wools were sound. At the IWTO Conference in January, 
topmakers indicated that this was obviously an effect of the drought that 
had gone undetected and stated "the sooner the staple strength 
measurements were introduced the better". The buyers thought they were 
purchasing sound wool and yet our measurements showed that the wools were 
much weaker than what everyone else traditionally had been used to. I 
think this ls probably the greatest sales point in favour of additional 
measurements that has come out of the Project. 

Despite a fairly tight time- table, we are trying to have a final report 
written by January 1986 for presentation to the IWTO Conference that month. ,· 

11.6 Discussion 

Q. D.T. In your equation for the prediction of hauteur I think fibre 
diameter, staple length, staple strength, and VM were 
included. Is there any particular reason why position of break 
ls not included - ls it that ln a consignment the figure 
averages out at about 50% each time, or ls lt that with sounder 
wools it ls not important? 

A. S.D. No, I think there ls a strong inter-relationship between PoB 
and staple strength and staple strength tends to appear in the 
best subsets of variables. I think position of break in sound 
wool is not as important as in tender wool. As a rule we don't 
record it on wools which measure 40 N/ktex or sounder. You are 
quite right about the averaging effect. If you report the 
position of break as a percentage distance from the tip, 
consignments tend to vary between 45 and 55%. However, it is 
certainly not a situation where the staple length is cut in 
half to produce the hauteur. I think we still have a lot to 
learn about the implication of position of break in processing. 

Q. L.W. What do you see as the marketing implications of knowing that 
your stdple strength ls way down, as in the Australian 
spring/sununer shearing of 1984, when the topmakers of the world 
would know that theil' average top length ls going to drop by 5 
or 10 nun? What does that mean in terms of marketing the 
Australian clip and what can the toprnaker do about it because 
presumably he has got contracts specifying length which he has 
to meet? 

A. S.D. When you speak to combers and topmakers about these 
measurements and how they might use them, they come up with 
their own ideas. For example, one topmaker believes that he 
will now be able to buy longer wools knowing they are tender 
and shorter wools knowing they are sounder and make quite good 
blends of them. Many topmakers do that now subjectively, but I 
believe that their topmaklng roles will be enhanced by having 
these measurements. As another example, one comber told me 
that as he specialises in several top types he will probably be 
able to buy longer wools which may not be as much in demand, 
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and knowing the strength and length run his carding machine 
faster to produce the required tops. I think there will be a 
lot of commercial experience yet to be gained in making use of 
these measurements. One conunon fallacy in Australia is that 
there is a lot of tender wool. I believe much of that comment 
ls based on the fact that 1f an appraiser inspecting a display 
sample examines only a few staples and finds one or two that 
break, he inunediately downgrades the lot. Yet, as we have 
shown earlier, we need to sample at least 40 staples to give a 
precision of the order of±. 6 N/ktex. Some woolgrowers who 
would like to sell their wool on staple strength measurements 
are concerned that their wool might be shown to be tender. 
However, the work on appraisal shows that if the wool is 
tender, the woolbuyer will detect it. He will know it is 
tender because he will be able to break staples easily. so the 
grower has nothing to lose by having his wool measured. In 
fact I think he has everything to gain because the test is more 
likely to show his wool to be sounder than a normal appraisal 
would find. It is a bit hard to judge actual price premiums or 
discounts that occur in the marketplace at this stage. If the 
concept of a theoretical top length is accepted then I would 
say that contracts could be made on that particular basis the 
same way as micron and VM are specified in trading contracts. 
once that is bull t in, premiums or discounts will automatically 
develop. 

Q.L.W. When the grower knows his staple strength is likely to be down 
will he be keen to get his wool measured in drought years? 

A.S.D. If the processor knows the wool is weaker he can slow down his 
machinery. He can be a little more careful with it. He can 
foresake his romaine to make sure he gets the length of tops he 
needs. I think he wlll be able to use that information even 1f 
the wool is weak. The_ Joint Wool Selling organisation in 
Australia last month made the decision that when a grower has a 
pre-sale test conducted, the results must go into the 
catalogue. I am not sure how the buyer would react in terms of 
the pr ice paid to the grower. Most Australian greasy wool is 
scoured and combed at overseas worsted combing plants. 

Q.K.W. could the predictions have been improved if the mills' machine 
settings were at random and not controlled? 

A.S.D. You learn a lot from talking to combers when you do trials like 
this. There are some combers who change their settings on 
individual consignments depending on what they think the length 
ls, what they know the micron is, and what the amount and type 
of VM content is. There are others who set their combs the 
same but spend more time in card management than in combing 
management. This is a particular mill's expertise. They don't 
often want to talk to you in too much detail about what they 
are doing. 

Q.C.L. 

A,K.W, 

If the position of break is not important should we measut·e 
bundle strength rather than staple strength? 

Bundle strength looks at intrinsic strength rather than looking 
for weakness in a staple. By the time you comb the fibres you 
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are almost ready to do a length rather than a strength 
measurement and you may break fibres in making fibre bundles. 

I looked at bundle strength as a basis for interpreting staple 
strength results 43. Holmes-Brown and carnaby 27 used it 
to measure fibre damage in dyeing. Many of us don't think 
there is a wide range in intrinsic strength in wool. Very 
little 'rotten' wool is produced and wool flbre strength is 
basically a function of fibre cross-section, reduced in some 
fibres by environmental factors such as weathering, or 
bacterial damage. 

Is there any point in trying to explain more than 95% of the 
variation? 

In the case of getting a better regression, we have since 
achieved 98% with a low mean square for a mill with a fairly 
high standard of quality control. I think that below such 
levels, some mill variability must have an effect. The 
attitude of the mill to general housekeeping and quality 
control obviously has an effect in terms of the actual end 
result. I am not sure how much better we can get with further 
additional measurements, but perhaps it ls interesting that we 
were able to improve the relationship at this particular mill 
by just noting whether it was a fleece or a non-fleece line. 

What ls the effect on hauteur between wools with high levels of 
staple strength? 

There ls evidence that up to about 50 N/ktex you get an 
increasing improvement in top level but over 50 N/ktex the rate 
of increase tapers off. 

Does not high crimp or resistance to compression affect the 
Almeter results? 

Yes, it's a problem we have always known about. A student 
showed quite a difference between length measured on the 
Almeter and the single fibre length measurement because of 
crimp. 

Dr Whiteley commented on alternative ways of analysing the 
results and considered it was desirable to stick to the main 
wool characteristics in predicting hauteur. Would one equation 
cover all combing and carding wools? 

Within the range of the wools that we have combed in the 
project there appears to be no significant difference between 
the slopes of the regressions for each mill. The only 
difference ls in the constant for each mill. In other words 
each mill behaves the same way, but one mill will consistently 
tend to comb a longer top than another mill. Because the 
relationship of raw wool measurements to hauteur is smaller for 
all mills, we can look towards having an average equation for 
all mills, but recognising that a particular mill will always 
do a little bit better or worse than the average. We haven't 
looked at carding wools. Carding takes about 15% of our wool 
clip and it is therefore of lower priority at this stage. But 
as we move towards sale by description we are obviously going 
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to have to be involved more in the measurement of these types 
as well. 

Grignet has a program whereby you can take into account all 
machinery settings which, added on to this program, should make 
it possible to develop a global type equation. 

What is 10 mm of hauteur worth? 

It depends on the market and on the length of the top. If a 
top ls produced which ls 10 mm shorter than an expected top 
hauteur of say 65 nun, it ls likely the whole consignment wil 1 
be rejected. In that length area you are talking about a claim 
of at least 5 ¢/mm, i.e., 50 ¢/kg. Most Merino types comb to 
50-70-mm tops so any premium for an 84-mm top may be lost. You 
may get an 84-nun top from a 100-nuu staple length. 

There ls a curvll inear relationship and 60 nun is about the 
dangerous length below which you start to get a big discount 
for length. Above that it tends to flatten out somewhat. 
Greasy Merinos may be A, Band c length and it ls the c length 
that gets knocked for price. Ainsworth found for 23.3- m top 
that a decrease from 64 to 54 nun decreased price by 12% but an 
increase from 64 nun to 74 mm only increased price by 2%. 

There is a paper by Bell coming out in Wool Technology and 
Sheep Breeding which discusses this. This paper gives expected 
lengths for given fibre diameters of tops and shows the likely 
penalties if the tops are shorter than expected. 

Despite the experiments showing the effect of VM on hauteur, 
the limiting factor for pr ice is the limit for VM set by the 
major buyers of Australian wool. For example, the Russian 
limit is 1.2% VM: if you test 1.3% you won't be considered, but 
if you test under 1.2% competition will increase for the wool. 
There are other VM limits - some firms use 3%. 

11. 2 New Zealand Staple Strength Processing Trials D. Ross 

Two major processing trials have been carried out in New Zealand: one on 
28-µm 58/60s Halfbred wools 11, the other on 35-µm 48/50s Romcross wools 
49 The wool had all been graded as SOUND by the trade. Each 
well--skirted fleece was tested for staple strength (gauge length -
Halfbreds 38 nun, Romcross 64 mm) and on the basis of the results assigned 
to a processing lot. The fleeces were then scoured, carded, gilled, and 
Noble-·combed to tops. The main results are given in Table 11.5. 

The noilage was much higher in the Halfbred than in the Romcross lots, 
and it was higher in the tender than in the sound lots. In general, top 
length decreased as a percentage of staple length as staple strength 
decreased. A very large decrease in top length was found in those lots in 
which the break level was high in the staple. As expected, the percentage 
reduction in length was greater in the longer wools. 

Remembering that these wools were considered by the trade to be sound, a 
much poorer processing performance would be expected from wools which the 
trade classified as tendet. In really sound wools the top length ls 
similar to the staple length, decreasing to about 80% of it in tender 
wools with the break near the centre of the staple. 
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Table 11.5 STAPLE STRENGTH PROCESSING TRIAL DATA 

Type Lot Staple Staple Break TOQ length No11 
strength length level Staple length 

kgf/g 11U11 % % \ 

{ 
A 51 89 * 96.3 6.9 

Half- B 39 87 * 99.2 7.6 
bred C 26 86 19 94.8 8.0 

D 24 88 41 83.1 9.6 

{ 
1 93 156 * 92.9 1. 7 
2 63 151 * 92.0 1. 7 

Rom- 3 39 154 * 90.0 2.2 
cross 4 28 154 20 92.2 2.6 

5 24 151 33 82.8 2.4 

* No real break level in these lots as only a few 
staples were tender, grades 1, 2 and 3. 

Discussion 

c. K.W. In an experiment a break was induced in the middle of the staple 
by using cyclophosphide. Five levels of soundness from 40 to 5 
N/ktex were induced. It was confirmed that if the break is in 
the centre you would get a marked effect on fibre length in the 
top. However, in this particular case we got no effect on 
noilage because although the staples were broken into two, 
nevertheless the fibres in the half staples were still long 
enough not to be removed as noil. 

Q. H.H. Despite the high 40% level of break the top length was still 80\ 
of staple length? 

A. D.R. Yes. There must still be many fibres continuous through the 
break zone. These wools were initially classed as sound but as 
with everyone else who has tested such a lot a wide range of 
staple strengths was found. 

c. K.W. A lot of fib.re breakage occurs regardless of the length of the 
fibre. This is one reason the break level is not as important 
as might be expected. The more-random location of the break 
level in Australian wool may also decrease its importance. My 
impression is that 80-mm staples in Australia give a 60-65-mm 
top. 
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12. FIBRE BREAKAGE IN PROCESSING 

12.1 Introductory Comments 

c. D.R. There are two rather different approaches currently being 
followed to assess fibre length after processing; firstly, 
staple length/strength measurement of greasy wool and the 
prediction of top length; secondly, carding, gilling and Almeter 
measurement of length of greasy or scoured wool lots. 

The length/strength approach. is suitable for pre--sale greasy 
wool testing but has restrictions on suitable wool types. 
However, 1t may cover 80% of the Australian clip. It is not 
suitable for short wools, cotts, scoured wools, or scoured wool 
blends which may contain a wide range of wool types. Many of 
these blends would be processed on the woollen system. 

The card/gill/Almeter approach would be suitable for all greasy 
and scoured wool blends but would be more expensive and thus be 
more suitable for export rather than for sale lots. 

Various sensor techniques have been investigated which may give 
a measure of staple length and the minimum staple cross-section 
and its location which may be an alternative to staple strength 
measurement. 

C. K.W. I believe such techniques have a better chance of success on 
long New Zealand wools rather than merino wools. There are many 
aspects which require investigation. Techniques such as 
infra-red absorption may also give a measure of the type and 
location of VM or dust in a staple. However, we are not 
optimistic that this would be successful. The signal may be 
confused by crimp structure, while low intrinsic strength 
associated with belly wool would not be pushed up. Any tender 
region msy be of very short duration or there may be a change in 
the nature of the fibre not reflected in dimensional change. 
Textile physics has found that if you stretch the staple this 
improves the data you obtain but you are getting close to staple 
strength testing if you hold the ends of the staples. With 
Australian wools clamping systems usually make the tip look 
thicker than the base of the staple because of impurities. 

12.2 Fibre Breakage in Carding 

Introduction 

8. Wood 

While this paper is not specifically directed at the major question 
facing this seminar, staple strength does reflect individual fibre 
strength. It is therefore relevant to consider the processing stage which 
imparts the greatest stress on the wool fibre, i.e., the carding process. 

The degree of fibre breakage that occurs during carding depends on many 
factors including: 

( 1) 
( ii) 
( iii) 
(iv) 
(v) 

initial fibre length distribution, 
fibre tensile strength, 
position of any fibre weakness, 
level of entanglement after scouring, and 
carding conditions. 
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With regard to initial fibre length. a wide range of lengths is observed 
in fibres sampled from a typical crossbred staple. Figure 12.1 shows the 
staple length distribution for a lot of good length crossbred wool 
together with the length distribution of fibres sampled from three 
staples. The corresponding fibre length distributions of this lot. 
initially and after carding. are shown in Figure 12.2. A reduction in 
mean fibre length from 171 mm to 129 mm was observed. A much smaller 
change in the mean fibre length was observed for a lot of shorter 
crossbred wool processed undetthe same conditions - from a mean of 78 mm 
prior to carding to 70 mm after carding. Fibre beakage in carding is more 
pronounced for longer wools. 
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A Mathematical Model of the Process 

There have been a number of attempts to develop mathemat-ical 
relationships to desc.t·ibe the transformations which occur when fibres are 
broken according to some pattern. usually these models have been based on 
arbitrary, though sometimes plausible, assumptions concerning the breakage 
pattern - the probability of a fibre breaking is assumed to be eithe.t· 
independent of or directly proportional to its length while the position 
of break is assumed to be uniformly distributed along its length or 
perhaps weighted towards the middle. While such models allow the effects 
of a given breakage pattern to be calculated, no insight is provided into 
why or how fibres break. 

A model which describes the carding process from a realistic starting 
point will be briefly outlined - a model based on how we believe fibres 
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are disentangled by the card 16, 69 Earlier studies by Varga 67 and 
others, and our own observations using high speed photography are 
consistent with this description. our model uses an equation which has 
also been applied to the breakage of glass fibres and in the paper 
industry {see Equation 1). 

Number of fibres of 
length L after carding 

number of unbroken number of fibre frag-
= + fibres of length L ments of length L. 

L' 

I.e., N
2

(L) = N
1
(L){l-q(L)} + J N

1
(x).q(x).n(x).S(x,L) dL 

L 

(1) 

where N
2

(L) = fibre length distribution after the breakage process; 
N1 (L) = fibre length distribution before the breakage process; 

q(L) = fraction of fibres, originally of length L, that break; 
n(x) = number of fragments per fibre caused by breakage; and 

S(x,L)dL = fraction of fibres, originally of length L, that are of 
length L to (L + dL) after breakage. 

This is the basic relationship for the change in a fibre length 
distribution due to a one--step breakage process. The objective is to 
calculate the functions q{L), n{x), S{x,L) from a consideration of the 
mechanics of carding. 

Withdrawal Forces 

Wool fibres enter the card aggregated into tufts. The card, in essence, 
disentangles the tufts by withdrawing single fibres from them. The 
withdrawal force experienced by a fibre when it is caught around a 
fast-moving tooth depends on the position along its length where it ls 
caught and the lengths of the two fibre 'tails' embedded in the tuft. 
only the shorter of these two tails needs to become free for the fibre to 
escape from the tooth; alternatively the fibre will break. In general, 
the longer the sections of fibre trapped within the tuft, the greater the 
force required to withdraw a tail. In this model it has been assumed that: 

{a) the withdrawal force WF required to remove a tail of length z from a 
tuft is of exponential form. 

kz WF=a(e -1) when O ( z ~ L/2 

WF = a ( ek (L - z) - l) when L/2 ~ z ~ L 

(2) 

where a, k are constants that must be determined by experiment, and L 
is the overall length of the fibre; the constants are likely to be 
related to the amount of fibre entanglement within the clwnp, which 
is dependent on the scouring treatment; 

{b) the fibre breaks at the tooth when the withdrawal force for the 
shorter tail exceeds the breaking load of the fibre (provided the 
fibre is sound) . 
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Fibre Strength 

It is unrealistic to accept that all fibres, even if they are regarded 
as sound, will have the same tensile strength. Rather, the fibre 
strengths are assumed to be normally distributed with a mean strength a, 
variance b 2 • The cumulative form of this distribution gives a fraction f(A} 
- which is the proportion of fibres broken when the force on the fibres 
reaches an amount A. 

A 

1 
f (A) = 

r {-(u-a) 2 } 

J exp du 
2 b 2 

(3) 

- 00 

By replacing the upper limit A with the withdrawal force function 
(Equation 2), the probability f(L,z) that a fibre of length L will break 
when captured at a particular distance z from its end can be calculated. 
Fig 12.3 shows this function for two different fibre lengths. If a fibre 
is caught near its middle, and both tails are reasonably long within the 
tuft, it will almost certainly break. On the other hand, if a fibre is 
caught near an end then only a very short tail needs to be withdrawn and 
breakage will rarely occur. 
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Fig. 12.3. Probability of breakage of two fibres of different lengths 
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Length Transformation for a Single Breakage Step 

During a carding action or 'working', part of a tuft is held by teeth on 
a slow-moving roller while the teeth on a much faster roller comb the 
fibres presented to it. Not every fibre in the tuft can be combed during 
this action; therefore a single breakage step, as described by Equation l, 
can be described as the cumulative effect of a series of such carding 
actions. The functions q(L) and s{x,L) are related in a simple manner to 
f(L,z) and, since a fibre breaks into two fragments, n(x) = z. 

Using Equation 1 the fibre length distribution after a single breakage 
step N2 (L) can be calculated, provided the following are known: 

length distribution prior to carding N1 (L) 
fibre strength parameters (a, b 2

) 

withdrawal force constants ( a, k). 

The results of two such calculations using an idealised initial length 
distribution N1 (L) and two different mean fibre strength values are shown 
in Figures 12.4 and 12.5. In the weaker fibre case (Fig. 12.5), where the 
mean fibre strength is 50% of that in the strong fibre case (Fig. 12.4) 
the length distribution displays a pronounced peak at shorter fibre 
lengths. This reflects a much higher level of breakage. 

Extensions to the Basic Model 

(a) Multiple breakage steps. After the first step, each fibre has either 
been broken into two shorter pieces or partially freed from a tuft. 
The process of disentanglement can be carried further by modifying 
the basic equation to treat each category of fibres separately. A 
rather more complicated equation has been derived for N 3 (L), the 
fibre length distribution after two breakage steps. Repeated 
application of the principles, although increasingly complex, will 
give the transformation equation for subsequent steps. 

Some calculations have been carried out using actual fibre length 
distributions. The main problem is the choice of realistic values 
for the fibre strength parameters and withdrawal force constants. 
Values derived from tensile experiments carried out at low speeds are 
likely to be very different front those that are more appropr late to 
the high speeds that prevail in carding. 

our approach has been to obtain initial values by experiment, then to 
adjust them in a computer program that seeks to maximise the 
agreement between the predicted and actual length distributions after 
carding. Fig 12.6 shows the following: 

(a) N 1 (L) measured distribution prior to 
data of Wegener and Hoth 68); 

carding ( f ron1 

(b) N (L) measured distribution after carding 68. 
3 

I 

(c) N2.1 (L) calculated distribution after carding (single 
breakage step); and 

(d) N 2./L) calculated distribution after carding (two 
breakage steps). 

In general, closer agreement between measured and calculated 
distributions can be achieved when the two-breakage-step model is 
used. The largest deviations are observed at short fibre lengths. 
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Figure 12.7 shows a comparison between mean fibre lengths before and 
after carding, as predicted by the two-step model. curves for two 
values of the 'entanglement factor' k are shown as well as the line 
for no breakage. The change in mean fibre length during carding is 
largest for longer wools, and is in reasonable agreement with work 
published by SAWTRI 65 and others. 

(b) Tender fibre case. It has been shown in Figures 12.4 and 12.5 that 
the intrinsic fibre strength has a marked influence on the level of 
fibre breakage and thus the length distribution after carding. For 
the case of tender fibres it is more realistic to assume that the 
weakness is localised rather than to regard the entire fibre as being 
uniformly weak. In a model which is currently under development it 
is assumed that: 

(1) all fibres have a weak point at some fixed position along 
their length (zT); 

(ii) the fibre strengths of the sound sections and the weak 
points are normally distributed; and 

(iii) the relative strengths of a weak point and a sound portion 
are in a constant ratio. 

The existence of a weak point has the effect of modifying the 
breakage function f(L,z) (shown in Fig. 12.3). There is an enhanced 
probability of a fibre breaking if it is captured by a card tooth in 
the vicinity of zT. A tender fibre can be trapped by a card tooth 
but not necessar Uy break if the tender region is well away from the 
position of capture, however. The model has yet to be fully 
evaluated, but initial trends conform with what might be expected; 
i.e., the weaker the fibre, the larger the downward shift in the 
fibre length distribution. 

Discussion 

Q. H.H. Have you estimated the relative importance of tenacity and 
entanglement? 

A. E.W. The degree of entanglement appears to have quite a dramatic 
effect on the changes in fibre length. The entanglement 
constant can be increased to reproduce different levels of 
fibre entanglement but we have no hard evidence of what its 
value should be. The changes introduced by varying the mean 
fibre strength are less dramatic. The slow rates of testing 
that are used to obtain the various input parameters make it 
difficult to get values which are realistic for carding. 

Q, D.O. When sampllng staples to produce the fibre length distributions 
in Figure 12.l did you find any evidence of any discontinuous 
fibres, particularly differences in fibres sampled from tip and 
butt. 

A. E.W. No. All fibres were withdrawn from the butt ends, which were 
fairly square. 
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C. G.C. It should be emphasised that the entire theory has no parameters 
in it relating specifically to the card. The interpretation is 
based entirely on the entanglement of the clump and the strength 
parameters of the fibre. We know that there are small effects 
due to the type of card teeth and the speed of the lickerin 
section but most variation in length can be explained in terms 
of the parameters of the wool. 

C. K.R. I have incorporated Errol Wood's breakage model into my model 74 
which looks at the simulation of semi--worsted processing. I had 
to introduce a subjective assessment of the entanglement of 
scoured wool to account for the effects of differences in 
entanglement on the withdrawal constants. Similarly fibre 
damage resulting from stock dyeing prior to carding must be 
allowed for. 

C. D.R. Stewart and Bratt 70 showed that. in carpet wool blends, 
different opening routines which led to different degrees of 
entanglement in the scoured wool blend fed to the card had 
little effect on fibre length after carding due to the major 
change in length associated with carding itself. 

G.D. A discussion indicated that Perendale wool was less cotted than 
Coopworth or Romney wool when grown together and that high-bulk 
wools have a lower propensity to felt. Perendales seemed to 
show some tenderness and less cotting while Romneys showed more 
cotting and less tenderness. In Australia lustre mutant fleeces 
cott easily. 

12.3 Length Testing by Card/gill/Almeter 

c. E.W. WRONZ Report No. Rll5 gave the precision to be expected for 
fibre length parameters measured on the Almeter for samples that 
were prepared by the card/gill system. Greasy samples of a 
woollen carpet yarn blend were taken using a probe. The 20 
samples were all processed through a standard scouring treatment 
that minimised entanglement, a small sample card, and constant 
gilling conditions and were then measured on the Almeter. The 
type of blend chosen for this trial was probably fairly extreme 
in terms of the range of wools available. The report went 
further and looked at the labour and financial requirements for 
establishing a test-house system based on this approach. 
Throughput. based on four operators, was estimated to be a 
maximum of about four samples per hour. This is not likely to 
be suitable as a pre--sale test, but would be viable for large 
greasy or scoured lots. At present we are concentrating on a 
truncated version to deal only with scoured wool blends. 

C. L.W. The greasy wool leaving New Zealand tends to be 
full - length fleece wool and our finer wools. A 
is used in semi-worsted and worsted processing. 
need a pre-sale length/strength measurement and 
the Australian approach and equipment. 

the longer 
fair proportion 
So we still 

should evaluate 

Q. K.W. A compromise would be to add a measurement of scouring 
entanglement to the prediction equation. Is there any work or 
practical techr1iques for measuring scouring entanglement? 
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C. D.R. At WIRI we measured the energy required to separate two 
preparer--gillbox combs on which cotted wool had been impaled. 
Using a range of separation distances a reasonably repeatable 
measure of 'what was expected' for different wools was obtained 
but the project was not pursued. If my memory is correct 
Chaikin and White at the University of New South Wales measured 
entanglement using a ballistic technique 58. (A method based 
on measurement of the energy used in carding staples was also 
devised at CSIRO, Geelong 73. Neither of these methods has 
been developed further. Ed.) 

c. G.C. The card/gill/Almeter approach is very relevant in the 
New Zealand context where we have 60\ of the clip leaving the 
country ln the scoured form. Withdrawing staples from scoured 
blends ls a mind-boggling task. There are two points of 
transfer of ownership within New Zealand. One from the grower 
to the market and the other from the merchant to the customer. 
The card/gill/Almeter approach is more relevant to the second 
point of transfer. I think we still favour the staple 
length/strength approach as a means of determining grower equity. 

Q. s.o. In the development of the card/gill/Almeter approach are you 
trying to simulate actual processing? 

A. E.W. Standardisation is probably more important. We do not aim at 
reproducing a commercial carding situation but something we can 
control. 

C. S.D. Some years ago Grignet managed to get only 5\ breakage before he 
measured on an Almeter. The testing cost was very high. 

c. H.H. Pre-sale tests are desirable to show the value of wool 
characteristics to growers and to assist ram breeders with their 
breeding programmes. 

c. K.W. The price of wool testing per kg is low, only a few cents, while 
the cost of bulk classing is 14 ¢ or more per kg. The cost 
savings in the brokerage area have covered the cost of sampling 
and testing many times over. Testing costs are not a major 
burden. 

Q. w.s. I could imagine farmers might have a different view of 
introducing staple strength testing if they saw that the only 
net effect would be to discount the bad wools with no premium 
for the better wools. Possibly you may lower New Zealand's 
income from wool. Do we give priority to curing it all at the 
breeding level, or to avoid fibre breakage during processing? 
Where do we place strength measurements alongside others such as 
bulk measurement? 

c. s.o. If you have a long-term goal of moving towards sale by 
description, where you see that wool will be identified only by 
figures, then I think you have to take the length/strength of 
the staple into consideration when you come to that 
description. Therefore, research to establish a suitable method 
of test is important. 
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c. K.W. One of the great problems in the wool industry has always been 
this lack of ability to predict processing performance, and many 
merchants and processors have said to me that there is a problem 
of knowing whether you are going to get over the limit or not: 
that when a new season starts, it takes a little while to know 
just how things are going. The Chairman of the British Wool 
Federation gave an excellent address at an Inter-Woollabs 
meeting. He listed the areas where he benefited from 
measurement. I always remember his lecture because he started 
off by saying, "what we have to accept is that scientists are 
not wrong all the time". Then he laid down many areas in which, 
for him, measurement {in his case, yield and fineness) was 
absolutely essential. The same argument applies to staple 
strength. 

In Australia the whole structure of the industry has been based 
on problems of wool appraisal. The addition of measurements 
such as length/strength means that we have to consider appraisal 
in quite a different way. I believe there are large advantages 
that wil 1 result from the introduction of length and strength 
measurement and the subsequent rationalisation of various 
processes. 

c. D.R. As fibre diameter increases and you move from the Australian to 
the New Zealand cllp, fibre length becomes a more important 
determinant of wool value and use so that strength in so far as 
it controls length after processing becomes a more important 
characteristic. While pre-lamb shorn and autumn second--shear 
wools are sound a considerable proportion of our post-lamb shorn 
wool shows some degree of tenderness or cotting. I believe 
therefore that we do not have any option but to move ahead to 
measure and understand the significance of wool tenderness. 

C. W.S. I tend to fancy an image--analysis or simple approach to provide 
a suitable base for flock improvement studies and concentrate on 
the card/gill/Almeter approach to specify 50-tonne lots of 
scoured wool. 

C. w.c. 56% of the wool shipped from New Zealand to Europe is still 
greasy and the demand for Crossbred greasy wool in Europe is 
pitched very much towards performance. The requirement for 
greater specification falls on the trader who needs both 
pre-sale measurements for length/strength in greasy wool, and 
measurements of processing performance for the same 
characteristics in the scoured product. There are three reasons 
for this: grower equity, prediction of processing performance, 
and production of New Zealand scouring. I refuse to believe 
that all 30 scouring works are capable of producing the same 
scoured product given the same input. 

G.D. A discussion followed on the need for getting all the components 
of a blend tested, including slipe and non-auction wools, if the 
performance of a scoured blend was to be predicted on the basis 
of pre-sale or greasy wool measurements. In Australia 
non-auction wools get tested twice. First as a guidance test 
for yield and micron before a price is offered to the grower and 
secondly before shipment or resale within the trade. 
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12.4 Wool Price and Manufacturing Properties 

C. G.C. Ross and I have a student 72 who has produced a series of 
multiple regression equations relating the relative price of 
wool to measured values of the six .important parameters, 
diameter, length after carding, bulk, colour, medullation, and 
VM. The regressions are based on the analysis of auction data 
and the use of WRONZ computer blending technology, and the 
equations typically have.R2 values of around 80%. That is for 
the relative clean price in terms of manufacturing parameters. 

We have applied these equations to the performance of scouring, 
a rather sobering experience. The variation in the quality of 
the material leaving the scour in terms of the range of 
entanglement and degradation of the base colour was such that, 
if you put the range of the parameters into the regression 
equation, you got a difference in value of the product which was 
far in excess of the cost of the scouring process. The scours' 
first point of attention if they want to improve their 
performance should therefore be in the area of the quality of 
the product rather than say with the amount of oil they use in 
the boiler, which is probably a minor cost factor in the whole 
operation. 

Q. K.E. There may be some disadvantage to New Zealand Merino wools in 
terms of price relative to Australian wools if we don't adopt a 
comparable pre-sale measurement system. Are there any 
indications that the current objective measurements used in 
Australia result in higher prices relative to wools that aren't 
measured? 

A. K.W. This is something of a 'catch-22' question. Early studies 
suggested there was little if any premiwu for tested wool. But 
how could there be, because what can you do with odd lots that 
have test results on them. We made that argument while the 
people opposed to testing said, "no, no, no, 1t is a fair 
comparison". Now the worm has turned - untested wool is the 
oddity and is heavily discounted. When there was a 50/50 
situation there was a premium of 5 to 6 ¢/kg in favour of the 
tested lots. Some countries or organisations had much bigger 
discounts against untested lots. 

c. L.W. Testing is necessary to put wool on the same basis for marketing 
as other textile fibres. We must take a long-term view on this. 

G.D. In selecting mills for the TEAM Project there were a couple who 
wanted to participate but couldn't because their main conunercial 
business was blending wool from the four countries of the 
southern Hemisphere from which they make exotic blends. They 
put them together on the basis of tests and consider they can 
predict their processing yield to within 0.2% regardless of the 
type of wool. 
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