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RELATIONSH IP OF FIBER STRENGTH TO YARN STRENGTH Every individual who has ever been 
responsible for converting textil e fibers in to yarns has attempted getting the most from the fiber to give 
the highest quality yarn. Many fiber character ist ics influence spinning perfo rmance and yarn strength, and 
in the case of cotton they seem to work together in transmitting quali ti es of the fiber in to the yarn. 

We have known for years that such characteristics as length, length un iformity, fineness and strength 
of cotton contribute to spinning eff ic iency, yarn strength and general quality. Before the rotor spinning 
era, most manufacturers were concerned with fiber length, the character of the cotton and its clean liness. 
With the advent of open-end spinning, however, they had to begin looking at different parameters. It was 
realized early that rotor-spun yarns wou ld be infl uenced greatly by the nu mber of fibers in the cross 
section of the yarn. Therefore, it was recognized that finer fibers would give better spinning and stronger 
yarn than coarse ones and an effort was begun to obta in strong, mature, but fine fibe rs for rotor spinning. 

Al l of this created a new understandi ng of the type of cotton necessary for producing rotor-spun 
yarns. Not many years ago low micronaire cotton was considered inferior; today it is much sought after, 
especially if the low micronai re is accompanied by good strength and a degree of maturity. 

In the infancy of open-end spinning it was soon learned that yarns from this process were 15% to 20% 
weaker than ring yarns from the same cotton spun into the same number. In an attempt to regain part or 
all of the lost strength, resea rch studies we re initi ated to determine which cottons were most satisfactory 
for rotor spinn ing. This research has cont inued to the present time, and apparently some of the resul ts 

, have been helpful. Today rotor-spun yarns appear to be entirely satisfactory in many woven and knitted 
fabrics , and the trend in spinning seems to be toward greater open-end production. 

As we have had to look more closely at the fiber characteristics fo r rotor sp inning, questions have 
arisen that were not even considered twenty years ago. Probably the most frequently asked question has 
concerned the transm ission of fiber strength to yarn strength. Just about everyone these days is looking 
for high strength cotton for rotor spinn ing, and at least one company in the U.S. has been specifying 
that cotton purchased for one end product must have an average of 28 grams/tex. Although breeders and 
geneticists are working as rapidly as poss ible to develop commerc ial varieti es that will have strengths around 
28 to 30 g/tex, it is difficult for large users of cotton to meet a ll the ir needs fo r such high values. There­
fore, we are looking at ways to reta in more of the fiber strength in the yarn . 

We have mentioned before that certain fiber prop,ert ies are known to be beneficial in producing good 
quality yarns at high efficiency. Generally, most rotor sp inners are looking for a medium length cotton 
with good length uni fo rmity, med iu m to high strength, and micronaire values of 3.0 to 3.4 with a satis­
factory degree of maturity. We realize there is a close relat ionship between micronaire and matu rity in 
American Upland cottons and, as a ru le, when extremely low micronaire cottons are used we are dealing 
with immature ·fibers. This may be satisfactory for some end products, but it is totally unsatisfactory for 
others. 

Frequently, the spinner is also looking for cotton that will give a strong yarn wh il e at the same ti me 
resulti ng in high spi nn ing efficiency. We know that stronger fibers give stronger yarns, but one aspect 
many are not aware of is the percentage of fiber strength that is transferred to yarn strength. I n this issue 
of Topics we would like to give information on this subject that we have accumulated over several years. 

We have stated in previous research reports that the re is a close rela tionship between fiber strength and 
yarn strengt h as measured by a 120-yard skein. This is a practical way of measuring yarn strength in many 
parts of the world where the skein is used fo r determining yarn number, strength and count-strength­
product (CSP). However, we occasionally receive inquiries about the relationship between fiber strength 
and single-strand yarn strength. Some areas of t he world deal only with single-strand strength, and as 



, 

just about everyone will point out, the yarn after spinning is almost always used in single-strand form. 
This is true when winding . knitting, warping and weaving. Therefore, it is interesting to note the relation­
ship between fibe r strength and single-strand strength. 

The table below illustrates this relationshi p_ We have selected cottons from past reports that have 4 
approxi mately the same fiber propert ies, since it would be difficu lt to find many cottons with identical 
measurements. We have chosen lengths of 31/32 to 1-1/32 inches and micronaires gene ral ly at a level that 
would be of interest to rotor spinning companies, although a few shown are above the 3.4 discount level. 
No attempt was made to find cottons of any specific strength, except for the last entry. This long, high 
micronaire and strong cotton was inc luded intentiona ll y to make a comparison with the cottons that are 
generally purchased for rotor spinning. All examples are excerpted from past Texas cotton qua lity studies 
performed at the Textile Research Center for the Ngtural Fibers & Food Protein Commission of Texas. 

PERCENTAGE OF FIBER STR ENGTH TR ANSM ITTE D TO YARN STRENGTH 

Fiber Properties _ _ Rotor Spun~Yarns R i ng-Spun~Yarns _ . .. 
10/1 Ne 22/1 Ne I 30/1 Ne 22/1 Ne 30/1 Ne 

- --
% of %of % of % of % of 

Length Mic Strength Tenacity Fiber Tenacity Fiber Tenacity Fiber Tenaci ty Fiber Tenacity Fiber 
(in ) (g!tex) (g/t ex) Strength (g/tex) Strength (g!tex) Strength (gltex) St rength (g/tex) Strength . ------ r C 

0 .97 3.1 23.4 14.2 6f 12.4 53 I 10.9 47 14.1 60 13.4 57 
UXl 3. f 2 1.7 13.8 64 12.3 57 

I 
12.3 57 14.0 65 14.1 65 

1.01 3.0 23.3 13.6 58 12.B 55 12.5 54 13.6 58 13.8 59 
0.96 3.6 23 .3 13.7 59 12.7 55 

I 
12.4 53 13.8 59 13.2 57 

1.03 3.6 26.9 15.8 59 14.9 55 14.2 53 16.6 62 16.6 62 
1.02 3.0 24 .1 14.7 61 13.5 56 I 

12.0 50 14.5 60 13.8 57 
1.03 38 26.4 15.6 59 14.3 54 13.5 51 15.3 58 15.3 58 
0.98 3.6 25.4 14.4 57 13.4 53 I 12.1 48 14.4 57 13.0 51 
0 .96 3.6 21.7 13.6 63 12.3 57 11 .8 54 12.5 58 11.7 54 
1.02 3.9 21.3 12.1 57 11.6 54 10.3 48 11.9 56 11.3 53 
1.04 2.8 25.8 14.6 57 13.2 5' 13. 1 51 14.7 57 14.9 58 
1.02 3.5 23.3 13.0 56 11.8 5' 10.5 45 12.8 55 13.0 56 
1.04 3.0 24 .7 13.5 55 12.5 51 11.7 47 13.9 56 13.2 53 
1.00 3.3 23.2 13.0 56 11.6 50 11.2 48 13.3 57 12.1 52 
0.99 3~7 - - 23.2- - 13.1 58 12.1- - 52 - 11 .0 . 47· - - 1 3~2 _. 57-- 12.2 -·-- 53 

1.05 2.9 23.8 13.8 58 12.9 54 12.1 51 14.7 62 13.4 56 
Avg. " 59 Avg. = 54 Avg. -= 50 Avg. 0 59 Avg. = 56 

1.16 4.6 29.4 17.2 59 16.2 55 N.A. N.A. 19.0 65 18.3 62 

We want to mention at this point that we are aware the amount of twist inserted has a direct influence 
on yarn strength. Also, there are certain mechanical features of spinning machines that will affect yarn 
strength . The more obvious ones for rotor spinning are rotor speed, diameter and profi le, the surface 
roughness of the navel or doffing tube, and opening roller speed and type. We have kept these constant 
during our spinning tests in an attempt to eliminate as many variables as possible. If anyone is interested, 
we wi ll send complete details of spinning both types of yarn. The yarns reported here were spun with a 
twist multiplier of 4.80 for the rotor yarns and 4.0 for the ring yarns. There were minor variat ions in ~ 
both TMs due to mechanical featu res of the machines. 

The rotor-spun yarns were produced on a Rieter ml / 1 machine, and the ring yarns were spun on a 



standard 240-spindle Saco Lowell machine. We have included spinning results from three different rotor 
yarns, Ne 1011, 2211 and 3011. Two of the same numbers are presented from ring spinning so a com­
parison can be made between the two systems_ We have not attempted to establish a correiation between 
the fi ber and yarn strengths, but are showing t he percentage o f fiber strength that is transmitted to yarn 
strength. It will be seen that a higher pe rcen tage occurs in the coarse yarns, which have a grea ter number 
of fi bers per cross section. This is tru e mostly for the rotor-spun yarns. As the rotor yarn size changed 
from 1011 to 30/1 , the ave rage percentage of fiber strength go ing to yarn strength declined in what 
appears to be very nearly a straight line. However, there seems to be a diffe ren t relationship when using 
these same cottons to spin ring yarns. It has been observed that the deteriorat ion in strength as the ya rn 
number goes up is less for ri ng yarns than rotor yarns because of the more ordered fiber orientati on at ring 
spinning. Since ring-spun ya rns are more variable, it is possi ble that occasional results will be obtained tha t 
show an apparent increase in yarn tenac ity of a fine yarn over a coarser one. 

It is interesting to note that the difference in the percent of fiber strength go ing to yarn strength (rotorl 
ring) is 54/59 (0.915) for the 22/ 1 yarn , and 50/56 (0.893) for the 30/ 1. Th is shows that the 22 / 1 rotor 
yarn is about 8_5% weaker (100 minus 91 .5) than the same ring-spun number, and the 30/1 rotor yarn is 
10.7% weaker (100 minus 89.3) than its ring-spun counterpart. This is a measure of the progress that has 
been made in recovering some of the strength loss that was found in the early days of rotor spinning_ 

Another point worthy of note is an indication of the fibe r strength that should be pu rchased for 
ach ieving a certain yarn strength. If yarn strength is an important criterion which must be ac hieved when 
spinning a 22/ 1 rotor yarn to replace the same number at ring spinning, one would need to buy a cotton 
about 9.3% stronger (59/54 ). For 3011 yarn, purc hasi ng a co tton 12.0% stronger (56 /50) will be required. 
This is on ly a rough guide, bu t it might be useful. Fo r example, in deal ing with a Ne 3011 yarn alone, 
increasing the cotton fibe r strength from 22 to 25 gltex should permi t the equivalent of ring yarn strength 
to be achieved while spinning with appropriate twist on a modern rotor machine that is in top condition. 

This report is not intended to be conc lusive. We simply are attempting to pass along some obse rvat ions 
made in our research. We hope this will be of interest to ou r readers, especially those who have inq uired 
about the relat ionship between fiber strength and single-stra nd yarn strength. 

SYMPOSIUM UPDATE In the previous issue of Textile Topics (Vol. XV, No. 11), we did not have t he 
exact title of the presentation to be made by Mr. George Blomquist of Pa rkdale Mills, Lexington, North 
Caroli na, during the November 18 session of the symposium on Recent Developments in Cotton Fiber 
Testing and Spinning Technologv. We are now pleased to announce the tit le, which is "Testing and 
Blending Procedures for Spinning Cotton and Synthet ics on Rotor Machines." This is a matte r of con­
siderable interest to many texti le manufactu rers. We believe Mr. Blomquist is well qualifi ed to speak on 
this sub ject , as Parkdale Mills is a leader in yarn producti on from cottonlpolyester blends_ 

We are pleased with the interest shown in this symposium and the number of persons who have 
already registered for it. While most of th ose ind icating plans to attend are from the United States , we 
have rece ived registrations from friends in Brazil, Switzerland, France and England. We are aware there 
will be attendees from other countries as well. We want to assist those planning to attend in any way we 
can , and hope anyone who desires add itional informat ion will contact us_ 

Please remember these deta il s: Participants shou ld make their own lodg ing arrangements directl y with 
the Lubbock Plaza Hotel, where we have a block of rooms set aside. A hotel room reserva tion form is 
rep roduced on the nex t page. Symposium registrations and fees should be sent to the attention of Harriet 
Boone at the Texti le Research Center. As stated earlier, the $45.00 fee will be refunded to anyone who 
finds he cannot attend . Finally , please make checks paya ble to the Texti le Research Symposium. Observing 
these detail s will greatly facilitate your registration. 

VISITORS Visitors to the Texti le Resea rc h Center during August included Carl Cox, Na tural Fibers & 
Food Protein Commission of Texas, Dallas, TX; Lynn McDonald, Stoneville Pedigreed Seed Co., Stone­
ville, MS; Greg Boggs, Texas Department of Agriculture, Amarillo, TX; David Cross, Brown Associates, 
Austin , TX: Dean B. Turner~ Cotton Incorporated, New York , NY; John Johnson and Noel Shepherd, 
Hercules Incorporated , Magna, UT; Roger Bolick, Alli ed Fibers, Hopewel l, VA; Toni L. Basinger, Meister 
Publishing Co. I Memphis, TN; and Jack Altman and Roger Hoffman, Brookshire Knitting Mills, Inc_, 



Dallas, TX. 
Others were Rais Ahmed, Pak istan Institute of Cotton Research & Technology, Karachi , Pakistan; 

and Chris Theron, Oranje Co-o p, Upington, Republic of South Africa. 
Groups visiting included twelve students from Austria who we re participants in the Ro tary Inter­

national exchange program ; forty 4-H members from Roosevelt County, New Mexico ; and twenty-fou r _ 
students from Mukogawa Women 's University, Kyoto, Japan, who were accompanied by MWU faculty 
members Billy Burke and Takeshi Yasuda. 

Pluu TYf'l o r PAINT 

Lubbock Plaza Hotel 
3201 Loop 289 South 

Lubbock. Texas 79423 
1·800·448·8228 
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NAME ___ _ ______ ___ _ _ AOORESS ______ _______ _ 

"'" ---------- STATE ___ _ _ ''' _ __ TE LEPHONE _____ _ 

ARRIVAL OATE _ _ _______ _ OEPARTUR( OATE ____ ______ _ _ _ 

6 PM ARRIVAL GUARANTEEO AARIVAl ___ _ 1,1.11 "u.r"IU~ed .",v" s m ust be gu.,. nteed w,'''' 
I n . dv.nce oepos,' Of C'edn Clld number! 

CREDIT CARD NUM BER _ __________ ___ EXPIRATION OAlf _____ _ 
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