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A ESTHCD FCR SLEVER UNIFCHMITT GCmmL IK 

THE TEXrri^ DRAWim PROCESS 

Fe l ix BGwdftn llontgoeaery, Jr* 

ammASi 

A fflfithod of controlling the text i le drasiing process so that a s l i v ­

er i s produced of excellent short-length and over^-all imif onalty in one 

passage woiald eliminate the need for repeated passages throtigh -Uie drairing 

frame v i th i t s inherent creatl<m of ^ o r t ^ l e n g ^ irregularities^ and would 

laake available for the roving and spinning process a sl iver frcm which i t 

i e possible to prodiice yarn of h i ^ qualitgr* Prodiictioa of a high qi ial i t j 

prodiict at sinimss cost i s econcMicalljr sotind* The purpose of this thesis 

i s an atten^t to accc»i|)lish this through design of an attachioent to the 

drairing frasse which ut i l i zes the cosipressed air ev^pJy available i n an 

average mill* 

PrevioiB solutions to the problem of automatic uniformity contjTol 

in drafting processes have required a separate drive for each head of the 

machine in almost every case. The method of varying draft here ut i l i zes 

tapered front drafting rollers driven at cc»istant speed and a mechanism 

for positioning the drafting web relation to these rollers according to 

the weight of the sl iver being drafted* Research done indicated that a 

sensit ive linear relation existed between the density of a fiber bundle 

and the pressure drop of an a ir stream passing through the bundle* The 

s l iver weight laeasuring device designed operates on this principle and 
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ca-uses the position of the drafting web to be changed by signals to a 

pnemnatic motor throu^ a presstcre relacT system. 

Tests vere made of the m&chanism response time and of the product 

of a drandng frame with this attachasnt coeî sared to stock nonaally processed 

on an ordinaiy drawing fraaie. The tes ts indicated that a faster acting 

pressurs motor than present c^rsaercial types wotiM give better resiilts 

through decreased response time and that the linear distance between the 

measuring device and the variable draft zone places a limit on the minimum 

length of an irregulari-fy to affect a proper c^qpensatoiy draft* Design 

of a non«drafting calendering action for use with th i s mechanism would 

inqprore i t e operation through eHmlQatlon of tension draft which mil 11 flea 

the coapeiisatory action of the mechanism. The amount of short-length i jv 

regularlties created i n the stock being processed with use of the attach­

ment exceeded the amount found in normally processed stock. Despite th i s , 

long«length non^uniformities were eliminated in ooe passage through the 

drawing frame with the attachment to the extent that the yam ultimately 

produced had equal breaking strength to yam nonaally produced with two 

passages through an ordinaiy drawing frame. 



CHAPTER I 

ISTROllKltlCai 

The problem i s to devise a laethod of aut<MaticaJLly controlling the 

t e x t i l e draifing process so as to produce an end prodtict s l iver of excellent 

xmiformity in weight per imit length. The solution here i s an atteinpt to 

design a mechanism hj which the losoimt of draft placed on the stock being 

processed in a drawing frame w i l l be autoraaticaTly varied to coBg>ensate 

for irregularit ies in the weight per unit length of said stock. This w i l l 

be accon5)lished by signals from a pneisaatic s i lver laeasiiring device con^ 

trol l ing through a pressure relay the lateral position of s l iver guides 

in relation to a set of conical front drawing rol ls whereby the draft i s 

varied. 

The characteristics which define a single ply yarn are i t s average 

weight per unit length, i t s average twist per unit length, the direction 

of the twist and the unifomity of the yam. Short-length variations in 

w e i ^ t of the yam define the latter characteristic which effects short-

length variations in twist . All these characteristics control the strength 

and elongation properties of the yarn. Irregularity in yarns are created 

by inherent operating characteristics of the processing machinery and by 

the necessary actions of the operators, such as repairing the stock when 

i t breaks in process. Todiy there are widely used n»thods of gaining 

uniformity of stock in process. These are evener motions for the picker 

machine and the blending and averaging of stock on many of the various 



types of machines \ised in processing yarns. The main portion of averaging 

and blei^ng the stock i s carried out on the drawing frames where six or 

eight card slivers ara eoaibined into a single sliver and the ope rati on 

repeated as many as three tizaes^ nhereby the end product i s an average of 

two hundred and sixteen to five hundred and twelve card slivers* TroTi)le 

occurs here^ however, in the inherent operating characteristics of the 

drawing frame creating short-length irregularities in the produced sliver. 

A method of controlling the drawing process so that a sliver i s 

produced with excellent short-length and over-all \inif ormity would eliial-

nate the need for repeated averaging on the drawing frasa with the inherent 

creation of ^ort-length irregularitiea and would zoake available for the 

roving and spinning processes a sliver from which i t is possible to produce 

a yam of the vezy highest quality* Thereby,this innovation would be based 

on sotmd econcsidcs through the creation of a high quality product at oini-

mm. cost* The purpose of this thesis i s an atteiapt to accoaaplish this by 

arriving at a method liiieh would b« quite practical and easy to apply under 

standard adH conditions* This explaina the choice of a pneumatically 

operated laechanism so as to laaks available a method ifoich would utilize 

the c<Mi5)re8sed air siJ ĵply of a laill and the experience of the avBrage mill 

mechanic with con5>re33ed air. 

Automatic textile process control has gained wide poptilarity in -Uie 

fields of yam preparation for weaving and dyeing and finishing where l i ter­

ature i s available concerning the sotmd economics involved and the increas­

ed quality of the product gained. Instructions are available on the appli­

cations of control instrunients to the processes with helpful details for 
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design work. Various stop-motiona and mschanisas to control the tension 

and the twisting of rtanning yarns have been invBnted and patented which 

may be classified as automatic controls for y a m manufacturing processes • 

A device has been patented f(sr the control o£ drafting roller pressure in 

y a m manufacturing machinery (1). 

Automatic control of the uniformity of stock in process in y a m 

manufacturing has received atteittion fro© other sources • Practical methods 

to ingjroTe the evener motion on a picker machine have been patented. As 

in the ordinary picker evener motions in use today, these methods all vaiy 

the feed roll speed to gain \aaiformity of the stock in process by raiying 

the draft. Only the methods of me&stiring the -oniformity of the stock in 

process vary. One method passes Beta râ -s through the stock into an ioniza­

tion chamber to detect irregularities (2)« Measixrii^ has also been acooii-

plished by receiving s\:5)er8onic waves transmitted throiigh the stock (3). 

Passing the stock through the plates of a condenser and ascertaining the 

Yariatiw3s in capacitance has served as a measuring asans (k) • Autotaatie 

ttaiforTrdty controllers for carding engii^s have been investigated. The 

Textile Research Department of the General Electric Corporation abandoned 

a stud̂ y of this with the recoimaendation that research along this line 

would find a more profitable ground in later processes in yarn manufactur­

ing (S) • Other work, however, did lead to the design and patent of a 

mechanism which is said to result in a completely Tiniform sliver being 

produced on the carding engine (6). 

Devices which could be applied to acconpHsh the same objective as 

the research done here have been patented* There is a textile drafting 

file:///aaiformity


apparatus # i ich varies the draSt on the stock in process according to the 

density of the stock as i t passes through a flow tvbe having openings 

corresponding to the normal sectional area of the s l iver and which i s 

connected to a soiirce of f luid; fluid pressure variations control the 

draft regulating means (?)• Another luethod treats the stock in process 

with an e lec tr ica l ly conductive material and varies the draft according 

to the measure of e lectr ical current which i s passed through the stock (8), 

The primary fault with these nethods i s that they use a final control e l e ­

ment which varies the drafting roller speeds, thereby creating a necessity 

for a separate drive for each head of the drafting mechanism^ A laechanisa 

i s on the siarket today which varies draft on stock in process 1^ changing 

feed ro l l dianet^r according; to the pressure wMch thicic aiKi thin sections 

of the entering stock exert in passing between two everier rol ls (9)« This 

device may be questioned as to i t s sens i t iv i ty and as to a method for i n ­

corporating time lag so as to have the draft changed only when the section 

of the stock responsible for the desired change i s in the drafting zone. 

No literature was found describing the operating characteristics or degree 

of acceptance of a l l these devices by industry. 



CHAPTER I I 

EQUIP.ilSin' 

Original Research,—It was necessary, as a s t a r t on the problem, to se lect 

equipment to invest igate the charac te r i s t i cs of a i r pressing drop across 

a f iber buiKila in order to gather data for the design of the measiiring 

device for the desired laechanisa. The Sheffield MLcronaire, Model 60602, 

made by the Sheffield Corporsttion, Dayton, Ohio, was used. 

Stock Used««—The fiber« used fcr or iginal research with the MiGronaire 

•vTerc Tu Por.t Tacrcn s tap le . 1.^ de.iier^ 1-1/2 Inch -tar)le len^-th, Ge~d.-

dt i l l j Carbon and Carbide Chemical Dynel s t ap le , 2.0 denier, 1-1/2 inch 

staple length; and Celanese Corparation of Aiaerica Ac s t a t e s t ap l e , 3»0 

denier , 1-1/2 inch staple length. All t es t ing and devalo|»aenb woric was 

done with Aiaerlcan Viscose Corporation Viscose s tap le , 1.5 denier , 1-9A^ 

inch s taple len.'^th, d t i l l . 

Textile ^'achinery,—'The stock iised for developnsnt and t e s t i ng of the de­

signed mechanism had been previo'asly prepared as a 56.5 grain-per-yard 

card s l i ve r iJsing a Whitin, Model 19h9f P.ayon Picker with one beater 

section and a Saco Lowell Shops, Model 19li8, uO inch Holier Top Card. 

The drawing franie jsed for experimental work was a single head model 

manufactured by the Medley Co., Gol\Btous, Georgia, for reseaixA work by 

th i s school. To have a basis for coJEparison of the product qua l i ty of 

the experiaental drairing fra^ae, stock was nonaally processed on a Whitin 



Machine 'forks Drawing Franie Ifi FS, Model 19h9^ The products from both 

the ncnaal and experimental drawing frames were processed through spinning 

on Saco lowell Shops 10 inch x 5 inch Standard Interaediate FI7 Frame with 

Model FS«1 drafting and Standard Spinning Frazae idth Model S~Z 2̂ drafting. 

Mr^J^gl^.—A Worthington ?vmp and Machineiy Corporation I -II /I6 inch x 

1-13/3-6 incJi 3C l - l / l i inch air coinpressor mth a Fisher 1grpe 977Z pressicpe 

regulator was used t o supply conpressed air for a l l developiaent and t e s t ­

ing work. 

Automatic Control EqTdpiaent,—Research and develi^iaent woik indicated the 

proper pnetiaiatie control equipment for incorporation in the designed mecha-

nisn could a.11 te obt-alned from MLmieapolis Honeywell Regulator Co-TLpar̂ y, 

The equipiaent required was a Pressure Controller PO 9OOAI, a Graduamotor 

W 9OOB, a Broiin Congjressed Air F i l ter , two Model 352196-1 Broira Pressure 

Regulators, and two 1-30 pounds per-square-inch, J , P. Marsh Cosapany Pres­

sure Gauges. 

Testing Squip-nent #—For indicationa of product uniformity during develqp-

cient work on the experiinental fra3» a Saco Lowell Graphic Sliver Tester 

was used. Final testing of product uniforzrdty from both the normal and 

esperiraental process was done on the Tarn Evenness Tester, l ^ e GGP-B̂  

manufactured by Zellweger Ltd., Uster, Switzerland. Tarn break tests were 

made on the Suter Vertical Single Strand Tester, o i l plunger i:ype, aanu-

factured by Alfred Suter Conrpany of New Tork. 

Miscellaneous .—For roller speed checks, a Strobotac type 63I-A made by 

General Radio Ccsspsny of Caiabridge, Mass., was used. Seederer-Kcrfil Busch, 



Inc« gx^n balances and Christian Becker, Inc* Model B3OB6I grain balances 

•were -ased for weighings. 



CHAPtER n i 

RB-SEARGH Â ID DESIGN OF MECHAHISH 

Original Research #'-»A s e n s i t i v e method of measuring tiie weight of a f iber 

biandle pneumatically i s by passing a stream of a i r through the f i b e r and 

measuring the preastcre clrqp caused# Very l i t t l e data could be found on 

this subject. I t was necessary therefore to invtstigate the characteris­

t i c s of this operation* The Sheffield Micronaire i s a testing machine 

far fiber fineness which laeasurea air flow through a plug of fiber on a 

scale calibrated to read directly in weight per unit length of the i n ­

dividual fibers while the i^streaa s ta t i c presstire of the air i s held 

always at a fixed value. Headings from a i^rticular type of scale called 

the "Cauaticaire** laay be converted to cubic feet per adnute of tree a ir 

flow values by the relation 

C.P,M, - (0.0236 Index) - 0.20 (lO). 

By varying the density of the fiber plug for each of three different 

f5-nenesses of fiber tested ard calculating the resulting air floir, data 

given in Table 1 to be used in detersdning the characteristics of air 

pressure drop across a fiber bundle was obtained frcra the l5.cronaire. 

This data shosred a linear relation. F ig . , 1, existed between fiber plug 

density and air flwr for each of the three fiber f inenesses. 

Values of line pressure drop in the Mcronaire given in Table 2 were 

taken for the saae range of air velocity obtained when testing fiber plug 
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density'- by noting the ijpsti^an manifold prcsatire reqtdred to give variotis 

air flow values with no fiber in the masuring chamber. Line pressure 

drop in the Micronaire varies in ciirvBlinear fashion irith a ir f loir aa 

shosm in Pig» 2 . ' 

Since the T:5)stream manifold pressure was held at fixed valiia for 

the graph of fiber bimdle density and air flow, the air pressure drop 

across the fiber bundle can be calculated by siibtracting the l ine pres-

sxare drop for that particular air floar from the se t >:?)3tream manifold 

pressure. Table 3 gives these values and the gra^h of t h i s relation i« 

shown in Pig» 3» 

Design of Measuring Device .-^The measuring device need be siiapl^r a box 

divided into two diaafcers with a slot between them for the s l ivers enter­

ing the drawing frame to pas3| the i§3per chaiA>er to serve as a manifold 

and to pass air through an orifice into the s l ivers in the s l o t with the 

lower chaafcer receiving the s tat ic pressure of this air stream iaqplnged, 

after passing through the fiber, vapoa an orifice leading into the chamber* 

A sketch of the ueasuring device i s shown in Pig. 8, 

The n^asuring device should be designed to operate in the pressure 

drop and fiber density ran^e investigated in order to be able to perform 

the necessary design calculations • If unforeseen operating characteris­

t ics of tha neasuring device caused later troiible then the fiber density 

and operating pressure range could be changed. 

From the linear portion of the fiber density and pressure dr(^ 

graph, Fig« 3 , * fiber density was selected for an average fiber fineness. 

The air flow which resulted from this fiber density was taken trasL the 

fiber density and air flow graph. Fig, ! • 
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The s l o t or s l ive r passage-way must be designed to ccsnpress the 

s l i ve r to a desired densi ty of U*25 grams-per-cubic-inch. The length 

of the aieasuring device was se t a t 1.5 inches to allow for the thickness 

of the walls and the length of the tipper and lower or i f ices* In order to 

have a height that would not f l a t t en the s l ive r too mvch a width of 3,0 

inches was chosen for the s lo t# Based on a s l iver weight of 50»0 gralns-

per-yard and feeding s ix s l ivers to the drawing fraine, the height of the 

s lo t miist be 0»23 inches* The entrance to the s l ive r passage-way must be 

rounded so as not t o catch entering f i b e r s . Figure k shows the f ina l do-

s i g n . 

Rectangiilar, sharp edged or i f ices shoiald be sa t i s fac to ry for the 

tpper Slid Ic.-er or i f ice pla tes* I'neir width i s set oj the j-idth of the 

s l ive r passage-way a t 3.0 inches. The lower orif ice sho\iLd be mote narrorr 

than smy f ibe r length \xsed to prevent f ibers being blown in to the lower 

chamber. The lower or i f ice length was se t a t 0.50 inches . In order to 

have a large portion of the a i r stream str ika the lower or i f ice d i sp i te 

divergence, the ipper or i f ice was nade one half as long as the lower 

or i f ice or 0.25 inches. These or i f ice pla tes are shown in F ig . 5« 

To determine the stiirdiness of construction necessary for the 

measuring device, the expected manifold pressure was es t ina ted a t approx­

imately five pounds per square inch. This value was calculated to have 

the f iber bundle pressure drop in exact ly the sase range as investigated 

on the Micronaire by to ta l ing three separate pressure drops i^iich must 

occur. The f i r s t pressure drop occurs across the ij^jper o i l f i ce plate 

to give the desired a i r flow of 1.75 cubic feet per nanute. The second 
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pressure drop talces place throiagh the f iber bundle of given densi ty and 

of average f iber fineness and i s taken froni F ig . 3» The th i rd pressxire 

drop takes i n t o account the pressure loss through ths plug which i s iBed 

for compression of a f iber bundle in the Iflcronaire* Standard equations 

of f lu id mechanics are used for these ca lcula t ions . 

Operating Character is t ics of Mgasuring Device .^—Five sseaples of six s l ivers 

each three inches long were prepared ranging in freight from n±Qus eight 

percent to plus eight percent i n weight based on f i f t y grains-per-yard card 

s l i v e r . Each of these sarnples were placed i n turn i n the measuring chani-

ber and the s t a t i c downstream pressure was read fro© a water manoaeter 

connected to the lower chaniber. The ipper isanifold pressure had to be 

adjusted to 21 »0 pounds per square inch before any downstreaia s t a t i c p res ­

sures on the order of three centimeters of water were produced. No corre­

l a t ion existed between the values obtained. I t was noticed tha t the a i r 

stream from the manifold a i r si5)ply entrance fa i led to diverge in the mani­

fold but passed through the or i f ice in to the f iber as a s t r e a a . Aside frcsa 

t h i s , the lack of correlat ion was a lso a t t r ibuted t o the a i r escaping out 

the s l o t s in the measuring de'.lce ra ther than passing throijgh the f i b e r . 

Corrective action was taken by increasing the number of s l ivers to eight 

and placing a baffle in the a i r supply tube. The values given i n Table i; 

show excellent l i nea r correlat ion was then obtained but the graph. Fig . 9, 

was inverse t o the expected re la t ion shown i n F ig . 3* This can be a t t r i b ­

uted t o the escape of a i r through the s l i v e r out the passageHsray s l o t s . 

Design of Tapered Rolls.-»The amount of d ra f t between two se ts of d ra f t ­

ing r o l l e r s depends on the diffeirence i n surface speed between the se t s 
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of rollers. The surfaco speed of a roller depends directly on its angTilar 

velocity and its radius. If each set of rollers is to run at a constant 

angular velocity the draft may be varied between the two sets by varying 

the roller dlaraeter on one set. The tm>ered rollers were designed aa 

shown in Fig. 10 to vary in diameter 1^.0 percent greater arKi 15.0 per­

cent less than the accepted front roll diaioster of 1.?^ inches* This 

resiilts in a draft differential of 3 •Si percent~per~inch -adth a total 

draft difference of 30,0 percent, Pinal product weight per unit length 

varies directly with the entering product weight per unit length azid ia<* 

versely with the draft* The weight of the final product vaides froa 13,0 

percent less to 17*0 percent more than the prodisot produced at the center 

of the roll with a gradient of 3*3l j>ercent per inch. Roller fluting was ' 
I 

designed for majdmua grip on the f iber (11) . A synthetic cot for the top 

r o l l was designed to compliment the taper of the bottom rol ler and to f i t i 

the s t e e l core normally used on this drawing frasia* f 

Movable Bracket Deaign»»—*The puxpose of tMs bracket i s to hold the laeasur-

ing device, to act as a sl iver condenser in the final two drafting ssones, 

and to traverse over the entire length of the tapered drafting r o l l s , j 

thereby positicming the s l iver in relation to the desired drafting position* 

A coa?>o3ite sketch i s shown in Fig, 8, As designed, the base. Fig. 6, of 

the bracket s l ides on two r a i l s , Fi'^, 7> attached to sigjports, Fig. 7> j 

bolted to the aachine fraise. One piece, ? ig . 6, attached to the base * 

carries a bracket. Fig. 6, for the measuring device5 the other piece. Pig. 

6, attached to the base acts as a s l ide for positioning the s l iver guides. 

Fig. 7» V-shaped s l iver guides were designed in an effort to ccffipress the 

drafting web unifoTBily over i t s entire width. 
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CHAPtER IV 

Selecti<m of A^ognatlc Controller«->»Thi3 control system mmt be able to 

c©«rat^ id.th « llneitr characteristic in the presstare range of one to five 

inches of watsr with a rarlable throttling range and a sens i t iv i ty on the 

order of t̂ rentjr five thoua^idths inches of water pressva^* To laeet ^bese 

epeciftcattona a bleed type preeaiare transmitter was chosen* As a steane 

for positioning the moirable bracket In relation to the tapered draftii^ 

rol ls to coapensate for a tot%l irre^ularlt^^ of ten percerrt, a ^rese'ore 

motor wag choeen which efmrated in the output range of the preesxire trans* 

sf-tter. The sr.T surrply to these tnstranentg requl-red fi-ltratlon and pree-

sure regulation. To eli-^nate the adverse effects of ^nachlne rlbr*xtion, 

these instrtiaentfl,wlth the exeeptieo of the presswe aotoTi were moo&ted 

separately frar the drasfinj* frame# The 1^ ottt dla^a^ i s ^o»m in Pig. 

11« IVo charges froi the original ^?sl,:pi end operating,; specifications of 

the waFurlnf --leTlces had to be T̂ ade in order to operate with this equip-

laent. The addition of wooden blocks in the -fieaatcrins chamber of the 

!2easurln.«» device decreased the volime and increased the sens i t ir i ty • Mani* 

fold pressTiro of 1«C po-'Jitis per n^ix&r^ inch ^ar req^iired t o r;ive st-atic 

pressures of 0,0 to 2.0 inches of water. 

Drafting Gharacteristica of the Drawing T̂ame .-"Individ ual control of each 

fiber througho^ a drafting sone i s req\iixed fear ideal drafting conditions. 
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Increased weight of the stock being drafted and cosroression of t h i s stock 

in to a narrow web decreases f iber COTitrol and promotes i r r e g u l a r i t y (12), 

Extreme coispression of the stock i s necessary here, hoirever, t o minimiae 

the draf t d i f fe ren t ia l across the width of the web in the variable draf t 

sone. 

For ease of l a t e r a l moTement of the drafting web, an o r i ^ n a l effort 

was nade to perfect the draft ing operation with a coiamon r o l l system. F a i l ­

ure to grip the f ibers being draf ted and hence allowing sUppage causes 

inherent product i r r e g u l a r i t y frcaa a conEion r o l l system, 'fhls slippage 

depends vpon the f r i c t i on between r o l l e r surfaces and the f ibe r , the d ra f t ­

ing force required, and the d ra f t d is t idbut ionj and increased coefficient 

of f r ic t ion of the r o l l e r siirfaces and increased ro l l e r weightings would 

increase the grip on the f ibers but great ly increased weighting has l i t t l e 

addi t ional effect (13)• To reach a point of ntlnimimi i r r egu la r i t y r o l l e r 

weightings were increased stepwise t o nearly three tinBs the normal value 

without ever reaching an acceptable uniformity level of the product aa 

shown in Table f>« Drafting force varies inversely with the distance be ­

tween roll*?rs and d i r e c t l y with the aass being drafted ( lU) . In conjunc­

t ion with increased r o l l e r weightings, r o l l e r s e t t i rg s were increased one 

sixteenth inch in the front and middle drafting zones and three sixteenths 

inch i n the back draf t i r^ son© beyond those normally used (15)» This de­

crease in the required draftlr.^^ Torce shaded l i t t l e qual i ty improvement. 

A draf t organization sho«m in the gearing diagraa. F ig . 12, based on max-

imua weight reduction on tlie f iber mass p r io r t o maximuia condensation in 

the variable draft zone gave b e t t e r resu l t s than an organization giving 

constant weight reduction i n each zone i n coamion use todigr (16) . 
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The addition of another silver gidda and reworking of the original giddes 

in an effort to decrease the coefficient of friction and to lessen the 

angle plaoed in the selvage of the drafting web resuLted in failtre to 

in^rove the product tmifoi^t^ to an acceptable level* Speed checks 

nith a strobotac showed top roller speeds to be essentially constant and 

a check of the prodict without calendering indicated that aajor irregu* 

larities were not being created at the coiler head. 

Maxlmxim roller grip and l i t t l s fiber slippage can be obtained with 

setallie rolls (17) • The hi^ily cosaprsssed and heavy drafting web here 

together with the failure of cossaon rolls to produce an acceptable prodiiot 

indicated the use of laetalUo rolls* Despite the intenasshlng action of 

the roller flutes gripping the fiber, weightings were increased stepwise 

to Bhf 92, Bh aM 92 pounds on the rollers baek-to-front before the pro­

duced slivers reached an acceptable quality level with variations of .OÔ  

inches based on a sliver Ihiokness of 0*30 inches* Xnter-flber kinetic 

friction of viscose rsy^m increases pai^olically with increased relatives 

velocity between fibers (18), thereby, inducing roller slip in a very high 

draft 35one through an increase of the required drafting force. The posi­

tive fiber grip of mstallio rolls indicates that acceptable drafting condi­

tions will result despite high draft and ccM!5)aratively short roller sett­

ings. Even single zone drafting frcaa sliver to yam is theoretically 

possible (19). To decrease the bulk of the fiber mass as much as possible 

prior to final condensation in the variable draft zone, high drafts were 

employed in tYm break and inters^diate zoi^s which resulted in better 

fiber grip and less guide interference. The final gearing diagram i s 

shown in Fig* 12* Metallic rolls were adopted for the machine* The 
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tensltm draft was set as newr to 1«0 as possible at the csntsr pcsltlcm 

of the tapered roll to have the prodiaced web groir slaok and tight with 

flxsctnations in the variable draft» Tension draft iMch would nullify 

the coi^ensatory action of the variable draft i s not desired* I 

Installation and Calibration̂ —^^The pressure motor was mounted on a bracket 

on the machine frame with a single connecting link to the base of t^e mov-» 

able bracket carrying the E»asuring device and sliver g\ildes# Air svipply 

and static pressxrc readings for the measuring device were carried in 

flexible r\i3ber tubing* Higher pressures required for the pressure motor 

were carried in quarter inch cc^per t\i>ing* f 

Total throw of the pressure motor selected was 2•69 inches which ; 

gave a total draft vajilatioQ of 10*1̂  percent oar 5*2 percent greater and 

less than the draft at the center positioii on the t«^red roUa* The [ 
I 

total coiapensation range for Irregularities was therefore plus or inlnus 

5*2 percent of the average weight of the incoialng eight ends of card slivers < 

Calibration requires that two lots , each containing eight three-inch saajplesj 

of card slivers be prepared from tlm stock being run which weigh $^2 percent 

less than average weight and 5*2 percent more than average weight* | 

The pressiiiw transmitter used regulates the output pressure by ad­

justing the amount of bleed according to the positioning of a flapper 

above a nozzle by a spring loaded weight arm having two bells suspended in 

a bath of oil which aeasure reference atmospheric pressure and gauge static 

pressure. Prior to calibration the main air stpply to the pressure trans­

mitter and motor has to be set at fifteen pounds per-square-inch. A re­

striction in the air line must be set to alloir the pressure to bleed to 
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less than 1.0 pounds per-squaxe-inch when the nozzle in the t ransmit ter 

i s wide open. With the b e l l s level the nozzle i s then positioned to the 

flapper to give one half thro?/ of the press-ore motor. With the ndnimnai 

weight s l i ve r sample i n the 3!ieasuring device the spring on the weight 

arm i s s e t to give lEininium throw of the pressure notor . With the uiaxtstia 

weight s l i v e r i n the measuring device the th ro t tUng range button on the 

fulcrieii of the weight arm i s ad;5n3ted t o give maxinijm pressure aotor 

throw. The function of the t h ro t t l i ng range button i s to vary the threw? 

of the flapper resul t ing froa movement of the weight arm. Therefore, the 

ujinimuni throsr posi t ion of the pressure motor must be checked again with 

the minijiitm treight s l iver saraple. The v a l i d i t y of th i s l inear ca l ibra t ion 

proced'jre -was cliec:-:ed to see i f a s t r a igh t l ine character is t ic of s t a t i c 

pressure and s i l ve r weight occurred at higher s l iver weights than those 

used in the original research. F i g . 13 shows th i s ca l ibra t ion procedure 

to be co r rec t . 
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CHAPTER V 

TESTIira mOCEDUaS Aim DISCUSSION CF RESUIiTS 

Procedure,—To eTaluate the perfocnnance of this mBchanism, three lots of 

^6,^ grain-per-yard card s l iver were processed through spinning to pro­

duce appraxiinately l5»0*s yarn with a twist multiple of 3,2$ giving 12,59 

turns-per-inch. The roving operation was se t to produce approximately 2,0 

hank roving with a twist mtiltiple of 1.06. toly the drawing operation was 

varied on the three l o t s . One lo t was processed normally by two passages I 
I 

throiigh a Whitin L2 F$ Drawing Fraae. The second lot was processed throu:!h i 

the experimental drawing fraiae holding the drafting position on the taper- ' 

ed rol ls constant. The third lo t was processed through the experimental j 

drawing frame with the automatic unifonaity control in operation. Process­

ing data i s igiven in Table 6 . Appraxinataly twenty four samples of five 

yards each of stock were i n i t i a l l y tested for uniformity at each stage of 

processing for each lot run. Twenty single strand break tests were i n ­

i t i a l l y perfoi^ned for each of the three lots of yarn produced. The standard 

deviations, sigma, of the imiformty and strength tests were calculated. 

That a s ta t i s t i ca l noraal distribution occurs in the individual break and 

Tinifornity tes ts i s a reasonable assun^tion. In a normal distribution, 

ninety five percent of a l l saiî Dles tested w i l l f a l l inside two sigaa 

l imits of the average value. The nxsaber of sample testa necessary to have 

the two sigma l imits f a l l within ten percent of the true average value 

may be con?)uted by 
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n - 1*00 (SL' 

whare n is the required number of BSUBPIMS, (f • la the standard deviation, 

Sigma, of the readings and J i s the average* After the in i t ia l tests t ^ s 

check was isade for each groiip of results and additional tests were loade 

where necessary to have the averages of the uniforaity and break tests be 

within ten percent of the trae average • 

For con̂ WLTison of unifonatty readings where the weigH of two pred­

a t e being coopared varies, a ratio may be formed with the co^mts of the 

yarn te indicate the better product as long as the products are made of 

identical fiber. 

R 2 — 2 or R s 13̂  y wei^t ptr mxLt length . 
\̂ fianks > 

A small value for R indicates high uniforaity and a lai^e value for R in­

dicates poorer yanî * This follows ataplj from the previous work of Enrick 

(20) as seen in Table 22, For slight variations in yam counts the count 

strength product SUQT be used as an indication of the stronger yam (21) • 

All laanufacturing and testing was carried out under conditions of 

controlled 70#0 degree Fahrenheit teagwrature and 65.0 percent relative 

humidity approximate3y« Saagsles for testing were selected throughout the 

lot of stock to guarantee representative results. 

To check the response of the automatic unifomity control system, 

the lag involved in transudssion of a pressure signal froa the measuring 

device to the pressure motor and the speed of traverse of the movable 
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bracket with stock being processed in the machine was tined. The inertia 

of the system excluding "Uie pressure motor was checked with stock in 

process by observing arerage pressure rariations at the pressw^ motor 

with a mercury manoaeter. 

Discussion of Results>-—'Yable 7 gives tF» response tiraes measured. The 

response of a pneumatic control system may be considered to be logarithmic 

(22). The lag time involved in this system is very aaaall as shown in 

Fig. lit. The main part of the respcmsm time shown in Fig. 15 is taken vsp 

in movement of the pneumatio motor. A time interval of U«0 second elapses 

in movemsnt of an irregularity fr<m the measuring device to the variable 

draft «one. During this time if the pressure motor is in continuous 

movement, the weight of the product just ahead of the irregularity has 

suffered a maximum of 2.0 percent weight variation due to the change in 

(draft. The lnc<»iing product passes through the asasuring device at 2.18 

inches'per-second idiich places a limit OQ the length of an irregularity 

to receive maximimi coiapensaticm or ermi any compensation at all. Fig. 16 

indicates these lengths. Cbservation of the machine in operation shows 

that the position of the produced web does not cootinuAUy vary about the 

center of the î apered roll and hence eliminate tension draft by aimply 

taking up and letting out slack in the web. Long-length thin places in 

the incoming sliver cause the tension draft to come into play which 

nullifies the corrective action. 

Table 8 summarizes the product testing data listed in Tables 9 

through 21. TTTO passages of the card sliver through xa ordinary drawing 

frame and drafting it to a yrery l i ^ sliver causes a definite increase 
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table 8. Ci^arison of Teat Results 

Hormal 
Process 

Experimental Process 
Without IfeifomLty 

Control 

Ifaiforadtiy 
Controlled 
Prooess 

tfeifonnity Ratio 

Card Sliver 2k.hS 2U.li5 2k.hS 

Draidng Sliver 33.I4O 26.60 3l>.60 

Roving It .91* 7 ^ 8.15 

Tarn 2,76 3.3U ^.hh 

Count Strength Product 17 •78 15.89 17.13 
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In Bhort-length irregularity bxit dotisllng at the roving f raas decreases 

this to an acceptable level again* The effect of thia doiA)ling here should 

not effect these resul t s . The Hater Tester cocipares variations in the 

volume of the material being tested tr<m one three-inch section to another 

(23)» The order of uniforadty of the roving and yarn indicates that the 

nonaally processed stock i s best and the unif oiBiity controlled stock i s 

the worst. The uniform! 1^ variation between the experimental process with­

out control and the normal process shoirs that short-length variations are 

created inherently by the drafting of a ca^ressed web« The s l ight dif­

ference in uniformity i n the experLmental process with and without control 

are within ten percent of each other for the f inal yam and may the refcore 

havs the sa îs ti*ue average* Any s l ight ly higher irregularity in the yarn 

froB the controlled process stay be contributed to the shifting of the web 

in process* 

Logic dictates that the strength of a yam depends not only on i t s 

overall weight but also <m the short^lengi^ variations based aa that weight, 

therefore, i f long-length variations in weight were removed, the chance 

of getting low strength valuBS caused by short-length variations in a long 

thin spot would be removed. By this reasoning a higher strength would be 

obtained with the saiae degree of short-length variation froa a yam of 

fairly good long-length weight unif orndty than from one in which long thin 

places out-niffiber long lengths of greater thickness. The count strength 

products of the normally processed stock and the unifoimity controlled 

stock are quite c lose . These two processes produced yam equal in strength 

in the l ight of the s t a t i s t i c a l ten percent band set xsp around the averages 

in the testing procediare. 
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CHAPT^ ?I 

CmCLDSIC Ŝ m) RECCSSMENDAflCMS 

DiariHg the interval of tiiae required for the passage of an i r ­

regularity from the neasuring device to the rariable draft zone, a varia­

tion in weight i s created in othemise even s l iver just preceding this 

irregtilarity. Short-length irregxilarities are not coapensated for and 

long-length irregularities are partial ly removed» Tension draft prior 

to calendering nnlTiifies coopensatory actiwi of the autooatio wiiforisity 

control in the event of a long thin portion of incondng sliver* 

Thm shifting of a web during drafting creates short-length ir* 

regiilarities • Drafting of a hî ^Oy ooapressed wsb creates additi<mal 

irregular i t ies . Long-length weight variations in yam pliy a large part 

i a i t s strength value along with short^'langth Tmriatioos* Despite ixw 

creased short^length yam irregulaxlt ies , stock processed once throu^ a 

drawing fraioe equipped with the autosatie tmifersdty control produced a 

yam of equal strength to stock given two processes on an ordinary draw­

ing fraoe under the conditions of this experii^nt* 

I t i s reconmiended that further work be done with this equipment by 

placing the laeasuring device in the drafting sone prior to the variable 

draft zone, designing a faster acting pressure motor and designing a non-

drafting unit for calendering puxposes« 
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Fi-njre 17, jrEunln-^ .rHr:e:Ti-th Uniicr^it,-^'- Con t ro l l e r 
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Fig-ure 18 . Top Yie;7 of Movable 3rac!<Bt ard 
Pre 33lire l-otor Moimting 
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APPSHDIX 
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Table !• Air Velocity, Denier and Density Relation on Mlcronaire 

Deniers Relative to Specific Gravity - 1.38 
Manifold Pressure - 6 p.s.i. 
Measuring Chasber Volicae - ,781 Cubic Inches 

Speciiaen 1»50 D e n i e r 2.11 Denier 3.1Ii Denier Density 
SCFM SCFM scm gai/iii^ 

1 1 , 8 8 1,88 ^ ^.(>9^ 
2 xss 1.83 mm, 3.696 
3 1*85 2.00 2.28 3.698 
k 1 . ^ 1.85 2.23 3.705 
5 1*92 1.90 2.21 3.71^3 
6 1,85: 1.85 2.18 3.781 
7 1.69 1.7li 2.09 3.825 
8 1.56 1.71 2.07 3.861i 
9 U6k 1.69 ZM 3.905 

10 mm. 1.66 mm 3.915 
11 • • 1.6U mm 3.933 
12 — 1.62 mm 3.9liO 
13 1*77 1.79 2.lit U.070 
lU 1.61 1.63 1.77 l».l450 
15 l.h2 1.51 mm, U.830 
16 1.29 « • 1.51 5.055 
17 1.22 « • 1.52 5.080 
18 1.19 1.22 1.50 5.090 
19 .97 1.05^ 1.35 6.000 

j^lfr 
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Table 2* MLcronaire Idne Pressure Drop for 
(Hv^n Velocity Range 

Reading Scale Value ICanifold Pressure Velocity 
pal SCFM 

1 105 2.870 2.278 
2 100 2.6iiO 2.160 
3 9$ 2.550 2.0U0 
h 90 2.305 1.925 
5 8$ 2.150 1.805 
6 80 1.975 1.6615 
7 75 1.830 1.570 
8 70 1.630 1.2)50 
9 65 1.500 1.33it 

10 60 1.325 1.215 
11 55 1.190 1.098 
12 50 1.075 .980 
13 k^ .990 .861 
2k liO .825 .7li5 
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Table 3 . Pi^saure Drop Across Fiber Buoidle 

Denier Relative to Specific Gravilgr 1.38 

Density 
gm/in< 

n b e r Velocity l ine Pres­ Fiber Biiadle Density 
gm/in< Denier som sure Drop Pressiare Drop 

U.oo 1.50 1.700 l.S>6 h.Ok 
li.OO 2.11 1.750 2.0lj 3^96 
li.OO 3»ll4 1.975 2.38 3.62 
li.25 X.50 l*6l^ 1.8U k*U 
Il.25 2 a i 1.675 1*92 hM 
U.25 3.lit 1.700 21^7 3^73 
U.50 x.50 1.525 1.70 hoo 
1.50 2.11 1.575 1.76 ii.2U 
1̂ .50 3.lit 1.800 2.12 3.Q& 
h.75 1.50 i.iia5 1.58 l».lit 
it.7^ 2.11 1.500 1.68 U.32 
h.75 3.Hi 1.725 2.00 U.oo 
5.00 1.50 1.325 1.1*2 U.58 
5.00 2.11 l.li25 1.58 lj.li2 
5.00 3.11* 1.625 1.85 U.15 
^.2$ 1.50 1.250 1.35 lt.65 
5.25 2.11 1.325 l.li2 U.5« 
5.25 3.11* 1.550 1.11* ka6 
5.50 1.50 1.150 I.2I4 h.76 
5.50 2.11 1.250 1.35 h.6$ 
5.50 3.1i* 1.U50 1.62 ii.38 
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table h. Operating Characteristics of Measuring Device 

Manifold Pressxir© - 21 p»3#i» 
Weights Based on $0 grain Sliver 

Reading - 8 Percent -li Percent 0 Percent + ii Percent + 8 Percent 
Cm,of Water Cm •of Water Cm*of Water Cm .of Water Cm»af Water 

1 if9 h.k 3.9 3.3 3.3 

2 U.8 ha 3.9 3Ji 2.9 

3 li.6 k.2 3.7 3 4 3 J 

Total 
Average 

lh.3 
U.76 

12.8 
ii^d 

11.5 
3.83 

10.0 
3.33 

9.5 
3.aj6 
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Table ^. Eveiamss ot Sliver Produced at Various Holler 
Wel^ldngs with Sa^oth EoU* 

Arrans3S3ent 
No, 

Roller ITeighting Back 
To Front Roll Pounds 

T^BHTieas 

2 

3 

h 

US - U8 - liii "• liii 

U8 - I48 - lt8 - U8 

U8 - U8 - U8 - 8I4 

U3 - 1*3 - 76 - oii 

!t8 - 80 - 76 - Sli 

70 •, 30 * 81; - 8U 

8U - 8I» • Ŝ 2 - 92 

•Ebick iTisps of 
cockled sl iver pro-^ 
diiced. 

Cockled «liver pro-
dvc^» 

Proialiseat draftizig 
waves prcxiiced* 

iVosa.nent wavaa pro-
dvced in stlvago, 

•020 in* variaticms 
<Mi #030 i a , 3llv«r 
liidicatftd* 

•012 in* variatiaiss 
oa .OJO In, sliTsr 
indicated. 

3 l i^t37 vl3ibl« 
clraTtins waves re-
main In selva^* 
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Table 6# Processing Data for Machinej^ 

Experimental Expsriiaental 
Process Process with 

Kormal Without TM- tfeiforraity 
Process f oraiity Control Control 

Card Sliver Weight $6.5 56.5 S6.$ 
in Grains-pe3>-3rard 

Drairiisg 
Ends Tsp 6 8 8 

1 Draft 6.17 9.0b 9.33 
Front Roll Speed H I fttper isln« 90 f t* per Bin« 90 f t . per Bin. 
Boll Settings X.2l/32*'-2«-Wl/32" 1-T/8«»2'»-2-3/1J6*» l-.7/8"-2"-2-3A6» 
Type Rolls Ifetallio Metaino Hetalllc 

Back l«l/2«-.l6 pitch l - l /2 ' ' - l6 pitch l - l / 2 « - l 6 pitch 
! Third 1-1/2 "-2ii pitch 1-V2«-2U pitch l-l/2"-2i4 pitch 

Second l -V2«-32 pitch l-3/8«-32 pitch l*3/8«-32 pitch 
Front l*V2«*-32 pitch 1 - l A * a v g .CCETSBOn 1-Vli*avg .c omsMHi 

Passages 2 1 1 
j Final Sliver Weight 

i n Grains-per-yard 28.5 50.0 » 

Roving 
Ends xp t 1 1 

1 Draft 12.0 12.2 13.0 
Boll Settings 2. l /^«-l-13/ l6» 2 - l A " - l - 1 3 A 6 " 2-lA»-l-13/l6'» 
Tirist-per-in» I.I49 Uh9 1.U9 
Hank Raving 1.7? 2.03 1.92 

Spinning 
Ends vp 2 2 2 
Draft 21.0 15.59 15.52 

1 Twist-per-in. 12.5 12.50 12.50 
Counts 17*60 15.80 IU.90 
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Tabla ?• SensltlTllgr and Rosponae Heastireiiieijts of Systea 

1 , Indicated Lag Time of Pneiaaatic SyBteia 

2 , Total Throir of Paresamm Motor 

3 , Average Speed of Presstire Kbtop 

hw Speed of Material Through Measiirlng Jfeans 

6* Tinie Interval Between Jfeasuring Heans and 
Variable Draft Zone 

•20 seconds 

2*69 Inches 

7«10 inches•-pe3^-
second 

2 •IS lnches-per» 
sec Old 

5» Average Preasxire Fliscttsatioa sA Pressxirt Kotcr 0*3 p*s»i» 

ii.CX) seconds 
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T«bl« 9* Tfeiformlty of Card Sliver 

Weight ^ ?6.5 Q âins*peâ -Tard 

50 

Speciisen Ustep 
V«lUB 

Specindn Uster 
VaXiis 

1 
2 
3 

? 
• 
9 

10 
11 
12 
13 
111 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2h 

2*8 
2*6 
3a* 
2.9 
li.O 

25 
h.l 
2*2 
2,5 
2.2 
1|.2 
2*2 
1.7 
3a 
2«8 
3»0 
5.2 
3.7 
l».h 
6.1 
li.6 
li.2 

Standard Deviation - 1.22 

Sairqples Required to be Ten 
Percent from True Average - U8.0 

25 3.7 
26 2.6 
27 2.0 
28 3.1» 
t9 1».7 
30 3.7 
31 •••1 
32 2.6 
33 3.2 
3ii 2.5 
35 t^ 
36 1.7 
37 tJk 
38 tJk 
39 2.6 
IiO 3.0 
la 2 ^ 
li2 3.6 

s 
U.3 
3.0 

!•? 3.5 
) ^ 3.9 
hi 3.7 
ti8 3.1 

Total 155.8 

Average 3.25 
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Table 10, Uaiforaity of Hoaraially Processed Drawing Frame Silver 

Weight - 28 •$ Orains-per^Tard 

3T5eciinen Uater 3peci2»n Ugter 
No, Valtie No. Value 

1 6.0 X3 6.U 
2 6,U Ik 6.1 
3 6.0 15 6.2 
li 5i3 16 6.2 
5 6.0 17 5^ 
6 5*5 18 2*.^ 
7 5*2 1^ 5»3 
8 7*0 20 ^.5 
9 6.0 21 5»> 

10 S.7 22 6*2 
11 9.1 ^ 6.1i 
12 8»8 

Total 

5a 
l l i90 

Standard Deviation - l*2b 
Average 6.22 

Sasples Req\jlred to ba Tea 
Percent from Trt» Average • l6.0 



Table 11 • Urrlfoi^ty of Experimental Drasfing Frsuaa 
Slivar Wlthoiit Unif onaity Control 

Weight • $0 Gr«ln»-per-Tard 

52 

Specl^aen 
Ho. 

Uster 
Valtie 

Speciasn Uster 
Valiie 

1 
a 
J 
k 
s 
6 
7 
8 

kJ> 
3 3 
3.6 
3.1 
ita 
3.7 
3.5 
3.6 

standard DeviatiiMi • ,32 

Samples Required to be Ten 
Percent froa True Average - ^.9 

9 3.5 
10 3.^ 
11 3.7 
12 3.7 
33 
Hi 

•̂1 3S 
35 h.6 
16 3.8 

Total 60.1 

Averaga 3.76 



Tab3.« 12 • tWLfonnity of Experliaental Drawing Fraa» 
Sliv»r With Ifeif omity Control 

Weight - U8*̂  Grains-pexwXajtd 

» 

Speciiasn 
No» 

Uster 
?alTi8 

Speciiaftn 
Ho. 

nster 
ValiJd 

1 
2 
3 

6 
7 
8 
9 

IjO 

n 
12 

3.6 
1(.2 
U.3 
$•? 
5.0 
S.0 
5J* 
5.3 
U.8 
5a 
5.0 
5.3 

standard Deviation - .iiB 

Sainples Required to be Ten 
Percent fram True Average - 3*5 

13 U.7 
It it.8 
15 5.0 
16 5.0 
17 5.3 
IS 5.S 
19 5.7 
20 L.8 
21 5.5 
22 5.0 
23 h.l 
2k 5.3 

Total U9.8 

Average 5.00 



lable 13 • Xtdforsdtj of Noraal3;y IVoce3sad Roving 

Haaik Roving « l .?5 
Ti«ist>-per*Inoh - l*!*^ 

^ 

Speci:i»n Uster 
Taliss 

Speciiaea 
Jfo. 

Uster 
Val^ 

1 
2 
3 
2; 
? 

7 
3 
9 

10 
n 
12 

6a 
8̂ 3 
?.3 
?.5 
5.7 
k.6 
5.8 
6 0 
6.0 
5.6 
6S 
5.5 

standard Deviation « X^^k 

Samples Required to be Ten 
Percent from Tme Average - I6O 

:u 7.8 
Ik 7.5 
3£ 7.0 
1^ 6.3 
IT P.o 
10 5.5 
15̂  $.6 
20 6.5 
21 5.7 
n 6.8 

& 
6r8 

10 .li 
Total 1$6.9 

Average 6^$k 



Tabl6 Ihrn VniSonaitj of Ejrpcriraental Rovliis Without 
tfaif oraiity Control 

Hank Rorlng •» 2*03 
Twlst*per-Inch * l»k9 

S$ 

Specinen 
No. 

Uster 
Tftlljkti 

S|Mici7i»n 
9e« 

Uste? 
Valt» 

1 
a 
3 

6 
7 
3 

10 

n 
12 

10.2 
10.8 
l?».l 
11.9 
10 Ji 

9.6 
10.2 
12.5 
^•7 

10.6 
12.5 
9.3 

Standard D«Tlation « 1.98 

Saiiiples Bequirod to b© Ten 
Percent froa Trvm Average * lij.O 

2 10.7 
15.3 

^ loa 
Itf 10.̂  
IT 11.3 
18 n.u 
19 1C.9 
20 10.6 

a 9.8 
22 10.U 
23 8.6 
:& 11.0 

Total aS5.5 

AT97«g0 10.60 



Table !?• thifornity of ExperiiTioatal Hoving With 
Ifolf orzaity Control 

Hank HoTing - 1^^ 
TKLst-per-Inoh - l,h9 

$6 

Specirjen 
No. 7alvo No. 

10.5 « 

13,7 % 
10.9 ]K 
!!•? Itf 
10.0 17 
9.6 18 

10.5 1^ 
11.6 23 
10.7 a 9.5 ^4^ 

9*9 23 
9.9 2li 

Hster 
7alt» 

1 
a 
3 
h 
5 
6 
7 
3 
9 

10 
11 
12 

Standard BttTiatloa «> 1.50 

Samples Hequired to be Ten 
Percent frco True Average - 7*0 

10.? 
llJi. 
Vi.9 
x^a 
9.9 

11.1 
11.2 
16.0 
12.5 
11.3 
10.6 
10.6 

Total 270.f 

Average 11.30 



labia X6f lizilXarait^ of Koxuml]̂  IVocesaed la^si 

Comity - 17»60»s 
TtdLst-^r-Iach - 1^*50 

5? 

Speeiiaen tister Spedijftn Ifetar 
KOf Val\ae No. ?alt» 

1 iOJt 33 J M W « ^ 

2 12 »0 2k n^ 3 12.0 35 n.7 
l4 i*-*^ IS 10.7 
^ 11*1| iT 11.5 
6 13#P la 12 .li 
7 20^ 29 na 8 XlS 20 l'^*! 
9 1 3 ^ 21 ^•5 

10 1 0 ^ ^ 10.0 

u 15.^ ^ 1 0 ^ 
22 13^ 

Total 

i3.3 

277.7 
StAodard D«vlatloa -» t66 

A¥8r«g0 I\«dO 
Smj^Xaa He<iuiif«d to b« T«n 
Piercmnt f̂ rooi ftott AT«2ms9 * X«3 
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Table 17. Vxdfoirmlty of Experimental larn Without 
Uniformity Control 

Coiinta - l5.80*s 
Tirist-per-Inch - 12.50 

Specimen Uster Speciinen Uster 
Ho. Value No. Value 

X lh.2 13 12.2 
2 i3.1i HI lil.O 
3 13 .U 15 lii.2 
k lii.9 16 lli.8 

s 12.5 17 lli.6 
6 12.1 18 13.1 
7 12.9 19 12.1 
8 ih.S ZO 12.2 
9 13.3 21 11.7 

10 HI .5 22 12.9 
U 12.2 23 13.0 
12 12.0 21| 15.3 

~^..^,^ ^ IdtAl 177.1 i 
Stai^ar^ Deviation <* A7 " 1 

Average 13.30 
Sazaples Required to be Ten 
Percent frcxa True Average - Jk9 



Table 18• Uniformity of Sxperimental Tarn With 
Uniformity Control 

Covnts - ll}.90's 
Twist-per-Inch - 12.50 

59 

Specimen tJster Specimen 
Ho* Valiss No. 

X 16.3 13 
2 13*9 lU 
3 Hi*! 35 
k lli.3 16 
S 13.0 17 
6 12.7 18 
7 11.5 19 
8 15.7 20 
9 13.1 21 

10 12.5 22 

n 12.6 23 
12 12.1 2î  

tJster 
Valiie 

Standard Deviation - 1#65^" ' 

Saci55les Required to be Ten 
Percent frcsa True Average - 6.2 

11.9 
12.6 
Hi .3 
lli.5 
l i i . l 
13.5 
11; .9 
11.8 
11.5 
13.9 
13.8 
11.5 

Average 13.30 
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Table 19• Single Strand Breaking Strength snd Elongation 
of Normally Processed Yam 

Counts - 17#60»s 
Twist-per-Inch - 12.5 

Specimen Break Elongation SpeclTnen Break Elongation 
No. Streng-Ui Percent No. Strength Percent 

Pounds Pounds 

1 .88 12.5 11 .96 33.6 
Z 1.00 U^.8 12 1.2U 15.0 
3 .96 15.8 13 1.12 II4.5 
k .79 10.8 Ub 1.18 II1.7 
5 .67 9.9 15 I.OU 13.3 
6 •8U 12.0 16 1.02 13.7 
7 .93 12.7 17 1.23 16.0 
8 .96 lli.O 18 1.10 15.5 
9 1.06 15.0 1^ l . l l i 13.S 

10 1.06 35.8 20 1.10 2h.$ 

_^-^tj^i^:fe Atlffita^ Detial4o|i -_ JiA 

Strength Sanples Required to be 
Ten Percent from True Average - 12.8 

Total 20.82 

Average l.Ol 

277.6 

13.88 
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Table 20. Single Strand Breald.ng Stren;^th and Elonsation 
of Experi!nental Process Yarn Withoid; 

Tfoiformty Control 

Counts - 15.80»3 
Tffist-per-Inch - 12.50 

Speciimn Break Elongation Specimen Break Elongation 
No. Strength Percent No. Strength Percent 

Pounds Po'onds 

1 1.17 lli .3 U l.Ol; 12.0 
Z 1.00 12.0 12 1.20 lb.lt 
3 1.00 12.8 13 .92 12.0 
li 1.03 12 .U Ik 1.12 12.7 
5 •56 10.5 15 1.06 12.2 
6 .92 12.3 16 1.12 13.3 
7 .92 12.3 17 1.00 32.0 
8 .80 10.0 18 1.06 12.8 
9 .96 12.3 19 .82 11.0 

10 1.12 lii.O 20 .92 12.0 

- f a t a l 20.0U _ 2ii7.0 
l5:fe«^ilC-BeilM;^Mli^l2fei-""-r^^ • ^ - " 

Average 1.00 12.1* 
S t r e n c h Sangjles Reqtdred to be 
Ten Percent from True Avera^ - U.2li 

lb.lt
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Table 2 1 . Single Sti^-d Bi^ealdng Strensth and Elonsation 
of Sxperirs3ntal Process l a m With 

Uirlformity Control 

Counts - m.!?0»s 
TwLst-per-Inch - 12.50 

Specliiien 
Ho. 

Break 
Strength 

Potmds 

Elongation 
Percent 

Specioen 
No. 

Break 
Strength 

Elongation 
Percent 

1 
2 
3 
k 
6 
7 
8 
9 

m 

lU 
15 
16 

1.02 
1.10 
1.0$ 
1.16 

.96 
1,10 
1.17 
1.02 
l.Oli 
1.16 
1.08 

1.25 
1.50 
1.20 

13.0 
13.8 
12.5 
11; .0 
13.0 
lli.O 
15.0 
11; .0 
13.8 
13.0 
1 3 ^ 

15.0 
15 .U 
13.5 

strength Standard Deviation - .33 

Strength Samples Required to be 
Ten Percent from True Average - 32.0 

17 
18 
19 
20 
21 
22 
23 
2U 
25 
26 
tr 
2f 
30 
31 
32 

Total 

Average 

1.32 
I.I45 
1.19 
1.08 
1.23 
1.01 

.93 

.38 
1.07 
1.26 
1.15 

x.ir 
1.00 
1.17 
1.19 

36.9$ 

1.15 

13.0 
16.2 
12.5 
12.3 
15.0 
12.1 
11.5 
11.3 
12.9 

12.6 
Hi .5 
13.5 
13.6 
12.5 
13.7 

li31.1 

13.5 
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Table 22 • TIniforinity Hatlo rerivatlon 

Barick »tates that i«h©r»jat yaxn t r reguUrl l^ , CY, t» 

C7 9 0*82 Y co'^ts (Fiber Fineness Inds«x)» 

With this as a basis & ra t io rasy be forised to eval-uate relative vm.-
tonaitj in products of identical f iber . 

CV 
constant 0#82 \/coTiats (Fibey Finexiesa Index) 

s constant . 
\/coTants 

With STt>8tit«ti<m oJt the Uster reading for the irregulari ty 

counts \f 

osp W-' Y w^igiit per unit length « ccffistant. 
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