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Talues for X, B, and Bĵ  for lach Lot (Tensile 
Strengths) • • • « « • * • • • • « « « * 41 

9. Control Linits for X and B-Charts • • • • • • • • 45 

10. Mean Blongation at Break and U% for Bach Lot 
of Tarn • 46 



LIST or FIGURSS 

Figure Page 

1. Meclley Single Delivery Orawing Fraae • . • • • • • 15 

2. Reevea Variable Speed Transmission . . • • . . • • 16 

3. Autodynaaographe (recording unit) • • • • • • • • 20 

4. Autodynamographe (breaking unit) • . • • 21 

5. Tensile Strength for Sacb Lot (speed) 29 

6. X and B Charts for Let #1 • . , 33 

7. B Chart for the X*s of Baoh Lot • * . • 34 

8. Control Limits for Tensile Strength for 
Baeh Lot (speed) « • • • « • • • • 35 

9. Tarn Uniformity for Bach Lot (speed) 36 

10. Elongation at Break for Bach Lot (speed) . . . . . 37 

11. Saoo Lowell Lap Meter Record 47 



•1 

ABSTRACT | 

Tlie textile industry of this couatry today is faood 

with stiff ooBpetition aot only at IKMM but also with Tory 

fioraa oospotition from abroad* And in order for Mills to 

remain finaneially solvent» ways and means of redueing 

eosts must be continually sou^t and applied. There are 

many ways in i^ich costs can be reduced. If the production 

of a machine can be materially increased without a material 

increase in cost, then the cost of the end product can be 

reduced accordingly. Toward this end was the object of 

this study. The problem was to determine if the speed of 

the rolls on the drawing frame could be greatly increased 

(thereby increasing production) without producing an 

inferior yarn. 

In the experimental portion of this study, Tiscose 

rayon staple was processed conTontionally from bale to 

yarn with the exception of the drawing process. At the 

drawing frame, roll speeds were increased for each of 

20 lots in increments of 25 feet per minute from a starting 

speed of 105 feet per minute to a final speed of 680 feet 

per minute inclusive. The resultant yarn was then tested 

for tensile strength, elongation at break, and uniformity. 

There were found to be some variations in these parameters 

of yarn quality between lots iliose slivers had been 
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processed at different speeds. However, a cntplete Analysis 

of Tariance was aade which showed that the variations noted 

were due solely to experimental error and that the mean 

universe value of each parameter was equal for each let» 

Fr«B the above it follows quite logically that the 

speed of the rolls of the drawing frace has no effect on 

the tensile strength, elongation at break, or uniformity 

of the resultant yarn. 

It is strongly recoaaended, however, that work be 

done toward the developaent of a sechanioally improved 

drawing fraiie that can be run efficiently at high speeds. 



CHAPTBR X 

iirrMxmcriQflf 

Historical Sketch.-^Tha fact that man has been interested 

in textiles from the most remote ages of time is sub«» 

stantiated by a fairly recent discoTery of a true cotton 

fabric in the Sindh valley of India dating from the third 

milleninm B.C. (1) About this same time (2640 B.C.), silk 

had its origin in China under the reign of the Chinese 

Bmperor, Huasg-ti, and it was his wife, Smpress 8i-ling<-ehi, 

(to this day worshipped as the Ooddess of Silk) who paid 

particular attention to the cultivation of silk, its 

application to textiles and even invented a type of loom 

for weaving it (2). According to historians, in ancient 

times a nation's attainment of civilization and culture 

was attested by her peoples' skill in weaving and 

ornamenting fabrics. With such an extremely long background 

and history of practice, it is ironical indeed to note that 

no other art of comparable background has been so un-

progressive as has the art of spinning fibers into yarn. 

Bven admitting that much of the art was lost with buried 

civilizations, the lack of progress still weighs heavily 

in the scales of time. 

It wasn't until the 18th century that man began to 

unfold his inventive genius toward the development of 

textile processing machinery. In the primitive era, yarn 



was spun directly from the raw stock onto a wooden spindle» 

a procedure far removed from present day practice. The 

first real step in the transition to the mechanical age 

occurred in 173S with the invent ion by l«ewis Paul <sMBe 

historians credit John lyatt) of the drawing process 

which embodied the principle of drafting or attenuating 

the rope or sliver by means of rollers (3). Specifically, 

Paul's patent application states2 

The wooll or cotton being thus prepared, one end of 
the mass, rope, thread or sliver, is put betwixt a 
pair of rowlers, eillinders or cones or seme such 
movements, which being turned round by their motion, 
draws is the raw mass of wooll or cotton to be spun, 
in proportion to the velocity given to such rowlers, 
eillinders or cones; am the prepared mss passes 
regularly through or betwixt those rowlers, eillinders 
or cones, a succession of other rowlers, eillinders 
or cones moving proportionately faster than the 
first, draw the rope, thread or sliver into any 
degpree of fineness which may be required. 

from this time on and in successive stages, the 

textile industry has become more and more complex and 

intricuate in nature. Its economic influence and impli­

cations affect no less an area than the entire world. 

To survive the fierce present day competition in the 

industry, mill men everywhere must maintain their operation 

at the lowest possible cost level ccKumensurate with their 

product and its end-use requirements. Toward this end then, 

of minimizing costs, is the practical application of this 

study. 



statement of the Problem>-«'The problem at hand was to 

determine what effect increasing the roll speed on the 

drawing frame had on the various physical characteristics 

of the resultant yarn. If his^ speed drawing and its 

implied greater production is not detrimental in lii^t of 

the various parameters of yarn quality» the practical 

implication is quite clear. The number of drawing frames 

required, other factors reiuiining equal, would vary 

inversely with the increase in speed, resulting in a lower 

first cost, less maintenance and the concomitant saving 

because of less floor space required. 

The amount of work done along this line or at least 

that which has been published, is almost negligible. In 

1938 Peacock (4) conducted a series of experiments to 

determine the effect of roll speed in the drawing process 

on the tensile strength of spun yarn. He utilised long 

draft as well as regular draft making both warp and filling 

cotton yarn. He also utilized one and two process drawing 

as well as metallic and cork covered rolls. In general, 

Peacock found that the tensile strength increased with an 

increase in roll speed, particularly that which had been 

processed on one-and-three-eights Inches metallic rolls. 

Hie outstanding shortening of his experiment was the 

narrow range of speeds used; the maximum range was from 

65 feet per minute through 140 feet per minute. Although 

today this is hardly considered **high speed", it must be 



remembered that In those days, conventional speeds were in 

the vicinity of only 100 feet per minute. 

The United States Department of Agriculture (5) 

conducted some experiments with high speed drawing and 

their general conclusion was that drawing roll speeds up 

to 240 feet per minute did not lower yarn strength or 

increase the coefficient of variation of weii^t per unit 

length of the yarn. 

^' It is known that some other few laboratories have 

worked with high speed drawing but as yet their r#8ults 

have not been published. 

Theoretical Considerations.—It might be well at this time 

to examine aomm of the theories of drafting. Many theories 

have been presented but a close examination reveals that 

the greater portion of them falls under a few main headings. 

Grishln (6) very aptly classifies the existing theories 

under four general categories: 

1. Descriptive of Qualitative Approach--may or may not 

be substantiated by mathematical considerations. Basically 

an attempt to arrive at the crux of drafting by common 

sense considerations of the reasons for irregularity in 

the drafted sliver. 

2. Kechanical Approach—an attempt to determine the 

speed of the fibers during drafting or their number per 

cross section at any given time under more or less practical 

conditiont. 



3. Statistical Approach-*most of th^se have as thoir 

basis tho Law of Great Kuabers. In actual fact most of 

these do mot deal with drafting but concern themselres 

with **ideal irregularity*" as a function of the nuaber of 

fibers per cross section. 

4. Combined Approach—more or less a ccmbination of 

categories 2 and 3 above, and considering not only the 

physical characteristics of the fibers but also the 

operating characteristics of the machines involved. 

Most of the theories of drafting revolve around the 

irregularities of the drawing sliver giving descriptions 

of the irregularities9 their causes, and developing 

formulas to be used as tools by the textile technologist 

to minimise these sliver irregularities. In general, they 

help him to establish roll settings and to divide the 

total draft properly among the sectional drafts. The 

essence of the problem is that while the doublings behind 

the drawing frame reduce the irregularities of the combined 

sliver, this good is offset by the irregularities intro­

duced during drafting and it seems that the latter outweighs 

the former. This was substantiated by a long series of 

experiments conducted by the Wool Industries Research 

Association of Leeds, England (7) wherein they found that 

it was more desirable to reduce the number of doublings 

than to increase the draft as the bad effect of increasing 

the draft was not compensated for by the good accomplished 

by the doublings. 



Tbm banefits doriv^d frcn doublings is d9vel»p«d 

fr^i certftln formulas of the Tbscnrjr of Probabllitjr rslativo 

to tbo dispersion of a S U A of iadepeadeot quaatities aad 

Chrisbin (8) sbowi tliis to be substaatially as fellows ̂  

Tbe Law of Ooubliog isi 

."«. ^"^ ^ 
g = (T, -h <r̂  ̂  . • . -vc^ (1) 

or tbe dispersi(»i, d^ , of a resultaat single sliver is 

equal to tbe sua of tbe dispersion of tbe oonponeat slivers. 

Tbe probles is simplified ia tbat tbe bank ambers of tbe 

cosponent slivers are equal. It follows tbea tbat tbe 

staadard Aviation of tbe slivers 

(r,= (r^= .. . ^ ( T ^ 

Tbea for»ila (1> beooAOs 

M? (T - ^, V ^ < 2 ) 

Tbe above tben aeaas tbat tbe staadard deviation of a 

resultant single sliver is tiBOs greater tbaa tbe 

standard deviation of tbe component slivers, wbere w is 

tbe number of doublings. The evening effect of tbe 

doublings caa therefore be readily seen since tbe mass of 

tbe resultaat sliver is greater not by but by vv tines* 

It must be cautioned however tbat this is tbe irregularity 



before drafting; the Law of Doublings provides no InforBatlon 

about the Irregularity once the drafting process has been 

used. 

It Is accepted generallf that there are two factors 

which account for the Irregularity of the drafted silver• 

First, when fibers are arranged In a randoa way in a silver 

there is an irregularity of thickness Inseparable froa this 

Irregular assemblage. As slivers beooae thinner, this 

Irregularity increases; in fact, the coefficient of 

variation of thickness on this score is inversely pro* 

portional to the square root of the thickness. The second 

factor is the Inability of the drafting rollers to emrolse 

a positive control on the sovesent of short fibers which 

lie sonei^ere between thea. Since the rolls aust be set 

far enough apart not to break or *'crack'* the longest fibers, 

the vast majority of the fibers are shorter than the roll 

settings* These uncontrolled fibers are called "floating 

fibers" and the manner of their removal froa the drafting 

zone in clots has given rise to the term **draftlng wave** 

to describe the quasi-periodic thickness variations in the 

drafter sliver produced. It was these "floating fibers" 

that Fernando Casablancas (9) had in mind when he developed 

his system of drafting aprons* 

It was also this problem of "floating fibers" that 

Yasilief (10) attempted to Interpret mathematically. The 



developiBftQt of his theory is far beyond the scope of this 

paper but primarily he used the term '*shear*' (distance 

betveen the frtmt ends of two adjacent fibers in as 

idealized system) as a measurement of sliver irrê rularity 

and he shoired how it was proportional to the draft employed. 

Yasilief also applied the Theory of Probability to the 

problem of dividing total drafts into sectional drafts. 

The irregularities of the drafting wave mentioned 

earlier has long been a fertile ground for textile 

theorists. Foster (11) has developed a moving boundary 

hypothesis which assumes that the floating fibers continue 

to move at the speed of the back rolls until crossing the 

boundary, at i^ich time their speed changes to that of the 

front rolls. The distance of this boundary from the front 

rolls depends on the number and distribution of the fast 

moving fibers along the sliver. He shows that when the 

speed of the boundary exceeds that of the back rolls, the 

drafting action ceases and a gap devoid of fiber mid-points 

is formed in the sliver. When the tips of the slow moving 

fibers reach the front rolls, drafting is again resumed and 

the boundary moves back. It may be seen that drafting 

proceeds as a succession of ''breaks*' in the sliver. He also 

discusses the type of break, e.g., if the gaps which are 

devoid of fiber ends are longer than the fiber length, the 

breaks are complete but if they are shorter, soaie fibers 

bridge the gap and the breaks are only partial. Breaks are 



not regular, however, owing to the variations In the 

entering silver, but It Is also complicated by the fact 

that the phase of the wave Is not the sasie all the way 

across the silver, different longitudinal strips almost 

behaving Independently. Because of this, even complete 

breaks do not cause the sliver to fall to pieces. 

niere have been many argusents, pro and con, con« 

cernlng two- and three*process drawing. Martlndale (12) 

developed an interesting theory concerning the weakness 

of tandem drawing unless the slivers are reversed between 

drawings. A series ef auuiy obserrations showed that the 

drafted sliver contains many individual fibers whose back 

ends are curled. Unless these slivers are reversed before 

the next drafting, the tendency toward more curling is 

greater and the result is an even more Irregular sliver. 

The role played by inherent defects in the processing 

machinery should not be overlooked when considering drawing 

sliver irregularity. Foster (13) feels that Irregularity 

due to Imperfect machinery does depend on the draft and 

that the other irregularity due to roll speed variations is 

similar in that the wavelength is equal to the roll 

circumference but is not sensitive to draft. He concludes 

that if yarn irregularities are caused by drafting wawes, 

then high drafts of fewer machines need not cause abnormal 

variations, but if the irregularities are caused by 

imperfect machinery, they are almost certain to be 

so«entuated by high draft. 
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The preceding pages represent an attenpt to bring to 

light some of the more interesting and wideif known theories 

concerning the drawing process. That thejr were covered 

briefly is readily adaitted but this was intentional; 

sufficient references have been given so that anyone 

desiring to expli^e thes acre fully may readily do so. 

As was implied earlier, there have been many more theories 

presented than were covered here, and omission of any one 

theory does not connote that they are unacceptable or 

untenable• 
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CHAPRR II 

IKSTfimfJBlfTATIOir AKD SQ0IP1ISHT 

The raw stock seleotod for this study vas bright 

Flbro Tlseoso Eayon staplo, ono-aiid-iiliio-siztoeiiths inches 

staple lengthy and one-and-one-half denier. This raw 

stock was selected primarily for two reasons* First, the 

individual fibers are of a more uniform length than would 

be cotton fibers, thereby eliminating a variable iriiich 

might prove e\nibersoBM, and secondly, the staple length 

more nearly approximated the operating characteristics of 

the drawing frame available for this particular study* 

In selecting the processing machinery to be used, 

every effort was made to choose that machinery that would 

normally be found in today's average aUll* The opening 

equipment consisted of a Ihitin Cmibination One Process 

Picker Model T, 1949, with a feed hopper in tandem with a 

blending hopper, Model K-6, 1949. The picker laps were 

processed on a Saco Lowell Roller Top Card, Model 1, 1948* 

The Medley single delivery drawing frame was unique 

in two respects. It was initially (1945) constructed for 

experimental purposes only, jtnd its original drive wais 

altered to accc»imodate a Reeves Tariable Speed Transmission 

(size 1, Class F Mo, 44099). 
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The next machine in the process was a Whitin Super 

Draft roving frame, Woonsooket Model G 8 C, 1948, and the 

final piece of processing equif̂ aent was a Saco Lowell Long 

Draft Z type spinning fraaw. 

Table 1. Operating Data for Ihitia Model T Picker 

Type of beater Kirschner 

Beater speed (MHO 850 

Beater to feed roll .875** 

Beater pulley diaaeter 4** 

Feed roll diaiieter 2.5" 

Draft gear 24 

Sturtenant Mo. 4 Fan speed (RPM) 1725 

Production pulley dianeter 4** 
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Table 2. Operating Data for Saco Lowell Model 1 
Roller Top Card 

Feed plate to lickerlD .017" 

Mote knife to lickerln (top) .022'* 

Mote knife to lickerln (bottom) .034*' 

Lickerin to cylinder .Ol?"" 

Back knife plate (top and bottc»i) , ! ,017" 

Front knife plate (top) .017" 

Front knife plate (bottom) .029" 

Doffer to cylinder .007" 

Doffer comb to doffer .017" 

Lickerin screen to lickerin (back) .187 

Lickerin screen to lickerin (front) .029 

Cylinder screen to cylinder (front) .187 

Cylinder screen to cylinder (middle) .058" 

Cylinder screen to cylinder (back) .029" 

Worker to cylinder .010" 

Doffer speed (RPM) 10 

Lickerin speed (RPM) 180 

« 

ft 

»i 
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Table 3. Operating Data for Medley Single Delivery 
Drawing FraiiM 

Eoll V9* Koll Diaaieter Roll Pitch Type Roll 

1 1,375" 
2 1.375" 
3 1.5-
4 1.5" 

32 
38 
24 
10 

Ifotallic 
Metallic 
Metallic 
Metallic 

Roll Settings (center to center) Draft 

Calendar to front roll -»» 
First to second 1.78'* 
Second to third 2.0" 
Third to fourth 2.25"* 

.22 
2.38 
1.63 
1.41 

Total 5.04 

Weights 

Speed of front roll 

80 pounds per top roll 

105 to 680 feet per niaute^ 

^A 12** pulley was Iceyed to the output shaft of the Reeves 

Variable Speed Transmission and this drove through a 

Y-belt, first a 16** pulley and for the higher speeds 

a 7.5** pulley keyed to the countershaft of the drawing 

frame to obtain the desired range of speeds. 
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Fig. 1. Medley Single Delivery Drawing Frame 
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Table 4. Operating Data for fbitiii Super Draft, 
Wdonsocket Model Q 8 C, 1948 

loll Ho. Roll OlaiMter Roll Setting (center to center) 

I 1.125" First to seeond 2.75"« 
s 1.062" Second to third Fixed 
3 1.0" Third to fourtli 1.9375" 
4 1.0" 

^Closest possible setting 

Front roll speed (SPM) 

Spindle speed (RPM) 

Twist gear 

Tension gear 

Lay gear 

110 

1200 

36 

38 

30 

Table 5. Operating Data for Saco Lovell Long Draft 
Z Type Spinning Fraste 

Roll diameters 

Front 1.0" 

Control roll 0,6" 

Back 1.0" 

Front roll to back roll (center to center) 

Front roll speed (RPX at 21.8 turns per inch) 

Spindle Speed (RM) 

3.5 

105 

5425 
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Thus far this chapter has bssn restricted solely 

to that ttaohiaery actually used in the manufacturing 

process. The reaainder of the chapter concerns Itself with 

the instruaents and equipment used for c^iducting the 

•arious aeasureaients and tests of the laps, slivers, roving 

and yarn utilissed in this study. 

Of the four laps nade on the Vhitin Model T Picker, 

three vere used for manufacturing purposes and one was 

used for a ileight uniforid.ty run on a Saco Lowell Lap 

Meter, ModeF Ho. 4, 1991. 

All w^ghings of sliver, roving, and yarn were sade 

on a Christian Becker Oiainoaifttic Analytiesl gtmln balance. 

Also for sizing, standard lengths of roving and yarn were 

obtained by ̂ ise of Browne and Sharpe Coi&pany roving and 

yarn reels. 

All speeds were neasured by use of a Cospteur Sassier 

tachoaeter aanufactured in Berne, Switserland, and distri­

buted by C. H. Boulin Coapany, Mew York. 

Sliver and yarn uniforaity was deterained by use of 

a Uster Model B Tester with Linear Integrator. 

This instriu^nt is designed to obtain electronically 
a value of yarn uniforaity known as * linear un<-evenne8S 
per cent* which is the statistical equivalent of 
Average Per Cent Tariation along the linear length 
of the yam. (14) 

In statistical work the Average Per Cent Tariation 

is deterained by dividing the Mean Oeviation by the 
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arithaietioal average of the distribution and expressing 

tlie quotient as a per cent. 

The single strand breaks vers made on an Auto* 

dynaaographe, aa autographic instrusent of Italian design 

and aanufacture. Seven bobbins are creeled in on this 

instrument and it autonatiealljr nakes ten breaks per 

bobbin for a total of seventy breaksi recording both 

tensile strength and elongation at break on specially 

prepared charts and, upon the conpletion of the breaks» 

furnishing aa average value tor both tensile strength 

and elongation» 

The instruaeat consists of two units WMiatcd 9m a 

coBoion base and made of a li^^t alloy. The unit on the 

left (Fig. 3) contains the perpendicular a m vhich 

activates the three pens (elongatiOBy tensile strength, and 

average value)• The unit on the rig^t (fig. 4) ooataias 

the BMchanisa which gives notion to the iastruBent. On 

the back of this second unit there is a **transporter*̂  which 

consists of two arms which carry the claaps that held the 

yarn during the break. This unit also contains an indicator 

which controls the speed of the two Jaws. Between these 

two units there is a distributor which functions in a way 

to present successively the ends of the yarns to the claaps 

on the transporter. 

The gauge of the breaks is 500 aa, amasuring up to 

a 20 per cent elongation. It is run by a SOW aotor and its 

diaensions are: length 1400 m , width 350 aa, and height 600 aa. 
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Fig. 3 . Autodynamographe (recording unit) 
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CHAPTSR H I 

raOCSPUBS 

As was mentioned earlier, every endeavor was Bade 

in this stttdjr to simulate as elosely as possible actual 

mill processing procedures by using standard equipment 

and normal processing seqtrance. All production and testing 

were carried out under standard atmospheric conditions of 

65 per cent relative humidity at 70 degrees Fahrenheit, 

lach can of card sliver, drawing sliver and bobbin of 

roving was free from piecings; only the bobbin on the 

spinning frame contained piecings and even here, if the 

number of piecings eicceeded two, the bobbin was rejected. 

This should not be considered a departure from mill 

procedure but merely a refinement completely desirable in 

research work. Before proceeding further, it is deemed 

advisable to present the organization of weii^ts and 

drafts as established for this study. 

Table 6. Organization of Weights and Drafts 

Machine Draft Doublings Size 

4 12.5 oz. 
1 50.0 gr. 
6 50.0 gr. 
1 3.50 HR. 
2 25 s. 

Picker 4 
Card 106 
Drawing frame 6 
Roving frame 21 
Spinning frame 14.5 
Twist multiplier 4.35 (Z twist) 



To carry out this study, twenty lots of yarn vore 

to he made I each lot being processed Identically fron tlie 

picker through the spinning fraiM with the esseptlon of the 

drawing fraae where the speed was to he war led. Am will 

be pointed out later, the actual draft on the drawing fraae 

warled at different speeds although the sachlne draft was 

held constant; to ccHspensate for this, since all lots of 

yarn produced were to be 25s, the draft on the roving and 

spinning fraaes had to be altered In soae cases. 

The picker was used as a double processing unit to 

accomplish a better blending and to arrlwe at more uniform 

laps. The raw stock was placed In the feed hopper, thence 

to the blending hopper, and finally throui^ the beater 

section of the picker. After four laps had been made, 

they were creeled In behind the beater section and procossed 

once more, hence the term double processed. 

These laps were then processed on the roller top 

card producing three lets of six cans each of card sllwer. 

Bach of these lots was processed as a unit through the 

drawing frame. As soon as one can In the lot became empty, 

the i^ole lot was discarded and an entirely new lot creeled 

In. 

The speed of the front roll of the drawing frame 

was varied from 105 feet per minute through 680 feet per 

minute In Increments of 25 feet per minute up to 480 and 

thon In Increments of 50 feet per minute, n e speed was 
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varied by manipulation of the Seeves Variable Speed Trans-

fiilssion and as nany readings of the bottom front roll shaft 

were taken on the tachcHseter as were necessary to obtain 

three suooessiwe identical readings. The speed in feet 

per Binute was then calculated by Multiplying the BPV by 

the effective eircuaference of the roll in feet. Seven 

partially filled cans of drawing sliver were made for each 

lot. The speed in feet per ninute of the front roll is 

shown for each lot in Table 7. 

Table 7. drawing Fraae Front loll Speeds 
(feet per minute) 

Lot Speed Lot Speed Lot Speed 

1 105 8 280 IS 455 

2 130 9 305 18 480 

3 155 10 330 17 530 

4 180 11 355 18 580 

5 205 12 380 19 830 

6 230 13 405 20 680 

7 255 14 430 

Seven spindles were used on the roving frame, 

selected in a random manner throughout the frame to ccmpensate 

for individual spindle variations, to produce fourteen bobbins 
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of roving p«r lot. In Ilk« mannor, seven spindles vers 

used on the spinning frsae to produce seven bobbins of 

yarn per lot. At the beginning it was determined to spin 

spproxinately 350 yards of yarn per bobbin; knowing this 

then and the organisation of veii^ts and drafts i it was a 

simple natter to determine the amount of end product 

required frcMS each process. 

The product of each process from the picker through 

the spinning frame was sized to determine its weight; in 

the case of card slivers* a minimum of six determinations 

per lot was Butde on one-yard lengths; in the case of 

drawing slivers, a minimm of three determinations per lot 

was made on one-yard lengths; in the case of roving a 

minimum of six determinations per lot was made on twelve-

yard lengths; and finally, on yarn a minimum of seven 

determinations per lot was made on 120-yard lengths. Xn no 

case was any test performed on the yarn until it haid reached 

an equilibrium as prescribed by Agni standards (15) » 

All slivers and yarns were tested for uniformity on 

the Voter Tester with Linear Integrator. Speeds used were 

four yards per minute for slivers and eight yards per 

minute for yarn. Initial readings were taken two and one-

half minutes after passage of stock was begun and thereafter 

at 30-second intervals. Conversion factors were determined 

from the Average Talue readings and from the table prepared 
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by the Uster Corporation (16) and the Integration readings 

were corrected accordingly. Lengths tested were as 

follows: 

Card sllTer 36 yards per lot 

Drawing slltrer 18 yards per lot 

Tarn 72 yards per lot 

The tensile strength and the elongation at break of 

the yarn was determined by use of the Autodynasographe. 

Ten readings per bobbin were recorded for a total of seven 

bobbins per let. Uengation was recorded as a per cent 

and tensile strength in grasui. 

Tf 
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CHAPTia IV 

MSCVSSKM Of tKSULTS 

Peaeock*8 ooQClusion in 1938 (17) vac tbat tli« 

tensile atrengtli incmased with an inerease in the Graving 

roll spdtd and his highest roll speed alse resulted in the 

highest tensile strength. With this as a point of 

departure then, it was theorised initially in this study 

that bj gradually iaereasing the roll speed of the drawing 

frane, the speed at which the tensile strength reached its 

peak and then deteriorated could he determined. Howewert a 

cursory ezaaination of the tensile strength chart (fig. 5) 

will reveal that such is not the case nor can the auitter 

be resolved so simply. Jt can be seen that the pattern of 

the tensile strengths at different speeds is very irregular 

with uany peaks and Talleys. This could be attributed to 

one of two things: the warying roll speed does in fact 

build yarns of different tensile strengths or, and this is 

much Bore likely, the variations noted in the average 

tensile strengths for a specified speed were due entirely 

to experimental error idiich is random in nature, from 

this latter point of view, a ITull Hypothesis was established 

that the variations in the average tensile strength (for a 

given speed) about the true mean were equal to sero. A 



statistical hypothesis is aevsr proved nor is it disproved; 

subsequent caleulations may oast lauoh doubt upon it* thereby 

impugning it, or they may east little doubt upon it» thereby 

making the hypothesis tenable. 

Before any caleulations were made, it was assumed 

that the variation in tensile strength in each lot was due 

to two faetors: within bobbin variation and between 

bobbin variation. Statistical methods were used to determine 

the variations and their significance. 

E charts showing the within bobbin variation and 

having ^ 3 <r̂  control limits were establii^ed for each 

lot. The charts showed that the within bobbin variation 

was in control for each lot or speed, i.e., the variation 

from break tt» break within a bobbin was the same for all 

bobbins made at all speeds, tbm manner of construction 

of the 1 charts was as follows s 

_ — il 
The center line was established at m and s * -^ » 

where 1 equals the range of tensile strength within 

each bobbin and n equals the ntimber of bobbins 

per lot. 

The Upper Control Limit (UCL) was established at 

5-^3^^ and the Lower Control Limit (LCL) at 

1-35. , and it is shown (18) that i « <r̂  flR 
•». 

where 0^ = .797 and d^ • 3.078 for a sample size 

of ten. 
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X charts showing ths hetvoen bobbiii Tarlatloa and 

having^ 3 (Tr control limits vers established for each lot, 

and in this case all but tvo of the charts shovsd SOBS 

points out of control, frea this it vas eyident that ths 

average strength shifted froa one bobbin to another in a 

random manner. The manner of construction of ths X charts 

was as follows: 

The center lias was sstablished at X aad X - ^ 

where T is the,^afithmetical average of all tsn 

breaks per bobbil and the d is the number of 
^ 3 (T 

bebbins per lot/ Ths HCL K M set at X-«-^M^ 

30" and the LCL at I - ̂ l y lAere ^ s -^ 

and H equals the number of jbreaks per bobbin and 

dj having the same valus as in the calculati^i 

for the R charts. The R and X charts for yam 

lot No. 1 are shown in Fig. 6. 

As a further and moire complete test of the established 

hypothesis, a complete analysis of variance was made. This 

procedure is very nicely explained by Brownlee (19) who 

states 

It is a valuable property of variance that if a 
process has a number of factors each making a con­
tribution to the variance of the final product, 
then this total variance is equal to the sum of the 
component variances. This statement is less obvious 
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than it say seen. Thust if we were using standard 
deviations as our measure of variability, it veuld 
not be true to say that the standard deviation of the 
final product was equal to the SUM of the standard 
deviations produced by the several factors, tliis 
property of additiveness of variance Hakes possible the 
techniq:ue known as the ''Analysis of Tariaace**, 
i^ereby the total variance of a process can be analysed 
into its component factors, the relative importance 
of which can then be assessed. 

Since all It charts were in control and had about 

the same center line, the V*s were pooled and (T̂  (the 

within bobbin standard deviation) was computed for each 

lot in the following manner: 

Within Bobbin Yariation s 
IBTT. 3.078 

s (T̂ , (3) 

where 1̂ - is the average range for the i th lot 

and i s -̂J 

Between Bobbin Variation s n^^^^^^ " 10(T,. ̂  ̂T 
00 MS 0S 

tv0 (4) 

— \L 
£- (x..- X..) 

-n-i 

(5) 

i^ere Tj is obtained by totaling the breaks of 

each bobbin in a lot, squaring these totals, summing 

the squares and dividing by the total number of 

breaks per bobbin. 

and 
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X.. is determined by obtaining the grand total of all 

seventy breaks in one lot, squaring this grand total 

and dividing by 70 or the nuaber of breaks per lot, 

and 

(n-1) represents the degrees of freedoa or in this 

ease 7«»1 since there are seven bobbins per lot* 

then 
^ t . 

v)̂g is found by use of fomulas (3)^ (4)» and (5) 

above• 

then 3<r-« 3 I C . (r;«| '^ <«) 1 ^U»B (Tog I 
[l0X7 7 J 

i^ere <r̂  is the standard deviation for the average 

of ten breaks on eaeh of seven bobbins. 

Then a eontrel ehart for the tensile strengths at 

the various speeds was eonstrueted using ^3^-as upper and 

lover control liaits for eaeh point. But, since <^ K ;̂  

chart (Fig. 7) showed that all points were in control, the 

0*** 's were pooled and a single upper and lower control 
•ft 

limit was established for all the lots taken together. This 

chart (Fig. 8) showed that all points but one were in 

control (individual limits were constructed for this 

point and it was found to be in control), hence the null 

hypothesis was found tenable. 

In a similar manner control charts were constructed 

for yarn uniformity (Fig. 9) and the elongation at break 

(Fig. 10), and they showed that all points were in control. 
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Figure 6. T and R Charts for Lot No, 1 
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CHAPTIR T 

CQ^(nA3BimB Aim mcommmAsiWB 

In the preceding chapter it was shown quite ctm-

clusively, hf use of statistical and quality control 

sethodSf that an increase in the roll speed of the drawing 

fraae had no efji»ct on the tensile strength of the yarn. 

And slKilarly, lin increase in roll speed had no effect on 

the yarn unifonlity or the elongation at break* These 

results are iads^d startling when viewed in li^t of 

tiae-honored practice in the textile industry. 

However, it nust be cautioned that before the 

industry can accept the results of this study with wide 

open arnsi several factors should be considered in detail 

and evaluated in their entirety* 

That this was a laboratory eiqperiiient and executed 

under near ideal conditions cannot be ignored« Tine was 

of no consequence nor was production any probles* As much 

care was exerted as was necessary to keep stock and 

machines running smoothly* 

Before the results of this experiment can possibly 

have any practical application, a drawing frame designed 

for high speed work must be developed. There are some on 

the market now idiiieh could easily fmrm the nucleus for 

further work. The drawing frame used in this experiment 
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exhibited vibrations at tbe higher speeds. Because of these 

•ibrations, excessive vear vas noted on all noving parts 

despite elaborate attention to lubricating details. 

It is reoĉ imended that similar studies be eoadiieted 

using a varietjr of drawing frails and a variety of 

different fibers. 

As a separate and distinct problen and one that 

could contribute in great neasure to the industry, the 

design of a hjlgh speed drawing frame could be undertaken. 

And perhaps the greatest test of the practicality 

of applying the results ef this experiment could be 

realised if th^ speed of a portion of the drawing frames 

in a selected mill could be increased In increments of 

25 per cent and complete cost analyses made at each speed. 
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Table 8. Values of T and R for Xaoh Bobbin Per Lot 
and Values for It, H, and te for Each Lot 
(Tensile Strengths) 

Lot Ho. Bobbin Ho. 1 B 

1 246.5 35 
2 241.7 95 
3 248.8 83 

I 4 247.7 53 
S 235.3 73 
6 232.9 72 
7 206.3 81 

1 240.3 72 
2 242.3 46 
3 254.6 67 

2 4 241.7 115 
5 236.8 55 
0 282.9 75 
7 257.7 116 

1 260.1 87 
2 271.1 67 
3 255.0 96 

3 4 240.3 48 
5 288.9 74 
6 256.1 49 
7 250.9 101 

1 244.3 102 
2 286.0 140 
3 257.5 92 

4 4 242.3 58 
5 249.4 72 
6 231.3 76 
7 262.0 96 

1 227.0 102 
2 197.8 72 
3 247.7 83 

5 4 276.4 62 
5 257.5 101 
6 240.5 109 
7 250.4 43 

236.7 70.3 41.4 

252.2 78.0 46.1 

260.3 74.6 48.6 

253.3 91.0 54.7 

242.5 81.7 78.6 
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Table 8, Values of X ancl^ for Baoh Bobbin Per tot 
and Values for X. IBi, and Rv for laeh Lot 
(Tensile Strengtns) (Continued) 

Lot Ho. Bobbin Ho. 

1 232.1 60 
a 229.3 71 
3 223.3 76 
4 230.7 58 
5 240.7 98 
6 246.3 108 
7 243.4 67 

1 134.3 85 
3 2ia«3 138 
3 223.1 81 
4 223.6 94 
5 231.1 49 
6 261.6 59 
7 »)3.3 65 

1 232.9 69 
8 245.7 50 
3 225.9 51 
4 267.2 101 
5 219.2 52 
6 234.4 102 
7 259.6 79 

1 260.3 69 
2 241.2 94 
3 272.0 76 
4 227.8 93 
S 278.5 71 
6 236.0 80 
7 252.4 63 

1 252.0 57 
2 254.9 82 
3 230.5 85 
4 261.9 111 
5 267.5 61 
6 255.5 52 
7 225.0 66 

238.2 81.7 27.1 

220.1 81.6 67.3 

3 4 267.2 101 240.7 72.0 48.0 

3 4 227.8 93 252.6 78.0 42.5 

^^ ^ 261.9 111 249.6 73.6 42.5 
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Table 8. Taluea of X and R for Bach Bobbin Per Lot 
and Talues for X, H, and Bv for Baoh Lot 
(Tensile Strengths) (Continued) 

Lot Bo. Bobbin Bo H 

11 

12 

13 

14 

15 

1 233.8 96 
2 248.3 59 
3 256.7 71 
4 255.7 74 
5 220*0 37 
6 253.5 77 
7 246.3 101 

1 272.4 66 
2 227.3 61 
3 238.2 60 
4 228.0 71 
5 219. f 71 
6 247.3 69 
7 226.8 52 

1 274.8 67 
2 213.1 84 
3 231.0 60 
4 247.5 75 
9 241.1 72 
6 272.3 70 
7 252.6 95 

1 262.8 74 
2 242.0 72 
3 225.6 45 
4 234.9 84 
9 262.9 75 
6 258.5 77 
7 287.0 63 

1 275.5 100 
2 201.7 90 
3 252.5 70 
4 226.2 58 
9 245.1 44 
6 241.8 117 
7 255.9 65 

244.9 73.4 36.7 

235.8 64.1 59.5 

247.5 74.7 61.7 

253.4 70.0 61.4 

242.7 77.7 73.8 
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Table 8 . Values of X and R for Bach Bobbin Per t o t 
and Values for f, 1 , and INF for Xacb Lot 
(Tens i le Strengths) (Continued) 

Lot No. Bobbin Ko. 

16 

17 

18 

19 

20 

I 
2 
3 
4 
5 
6 
7 

I 
a 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
a 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

273,7 47 
261.9 68 
232.3 45 
242.3 100 
245.2 86 
251.3 30 
223.8 86 

242.5 52 
247.3 77 
231.9 107 
241.3 73 
234.7 73 
249.0 36 
250.9 63 

229.7 72 
203.6 34 
247.8 46 
243.4 102 
221.1 67 
272.5 33 
232.4 95 

270.0 64 
221.7 126 
241.5 52 
248.1 64 
224.6 70 
218.5 50 
227.5 90 

247.8 129 
270.0 62 
221.6 100 
227.3 80 
216.6 80 
233.3 89 
216.2 81 

247.2 66.0 49.9 

242.5 68.7 19.0 

235.8 64.1 68.9 

235.9 73 .7 51.5 

233.3 88.7 53 .8 

»r « 51.65 
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Table 9. Control Limits for X and S Charts 

Lot Ko. 1 
UCL LCL 

K 
0CL LCL 

1 258.5 214 .9 JLmnt. 9 15.7 

2 276.3 228 .1 138.7 17 .3 

3 283.4 237 .2 132.7 16 .5 

4 281,4 225«2 161.8 20 .2 

5 267.8 217*2 145.8 18 .1 

6 261.9 214.6 136.6 17 .0 

7 245.3 194.9 145.1 18 .1 

8 263.0 218 .4 128.0 16 .0 

9 276.7 228.5 138.8 1 7 . 2 

10 272.3 226.9 130.9 16 .3 

XI 267.6 222 .3 130.4 16 .4 

12 255.6 216.0 114.0 14 .2 

13 270.6 224.4 132.8 16 .6 

14 275.0 231.8 124.4 15 .6 

IS 266.7 218.7 138.1 17 .3 

16 267.6 226.8 117.4 14 .6 

17 263.7 221 .3 122.1 15 .3 

18 255.7 215.9 114.1 14.1 

19 258.8 213.2 131.1 16 .3 

20 260.7 205.9 157.7 19.7 
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Tabl« 10. X«an Sloagatlon at Break and 9% 
for Saeh Iiot of Tarn 

Lot Vo« lloagatiMi (%) n 
1 14.3 

2 14.5 

3 14.5 

4 13.3 

5 13,8 

6 13.8 

7 13.7 

8 13.0 

9 18.9 

10 12.3 

11 12.9 

12 12.3 

IS 11.5 

14 11.2 

18 12.4 

18 13.2 

17 14.0 

18 12.7 

19 13.9 

20 13.2 

Mean Taluo 13.1 

14.9 

13.2 

13.8 

13.7 

13.2 

13.9 

14.8 

18.2 

15.0 

15.0 

14.9 

14.0 

13.5 

13.4 

14.2 

13.1 

13.7 

13.6 

13.7 

13.0 

14.0 
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SACO-LOWELL LAP METER RECORD 

PICKER RM. NO. MACH. NO. ?22?l ** 

STANDARD WT. PER YARD 
1? ,^ .02 

STANDARD TOTAL WEIGHT OF LAP. 

WITH ROD. ' ^ LBS. 

ACTUAL TOTAL NET WEIGHT OF LAP. 

LESS ROD 3^ LBS. 

6 P ^ 
TEMPERATURL I g^ET. ^^Q 

REL HUMIDITY 65'^. 

ACTUAL AVERAGE WEIGHT PER YARD 

i:..^ Oz. 

NO. OF YARDS WITHIN LIMITS * * * 

WITHIN LIMITS % v* * 

TOTAL NUMBER OF YARDS WEIGHED 

a^ 

NOTES 

TESTED BY, ^ n - - n i * ? r » 

DATE ^. ' ' ^̂ ^ • ' '^^ 

?0^!.' 3 5014 

LIGHT 0 •*'J« '*'o? 
riFTHS py AN OUNCt 11 1 2 3 4 1 1 2 3 4 

t—l •! I l l f i t t ' 
4 3 2 1 1 4 3 2 1 

I I t aiiu 
HEAVY 

irTMS o r AN ouN : E 

Fig. 11. Saco Lowell Lap Meter Record 
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