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PRErACE 

The amll things are uaually the aost important. This is true with the 

oo•on fastenings, bolts and nuts. Yet with an importance that bas grown 

tr•endoualy with the expallaion ot the autoJROt1Te and ai1'!-cmt't industries, these 

parts are genenlly taken tor granted. · 

Standardization ot bolts and rmts within our own countl'1 and with other 

countries, as a result of the •r, baa led to .ma111 inTestigationa ot acrw­

threa4a. To .make our products better and leu expenaiTe each itea that contri­

butes to the strength or failure of these parts JIWlt be investigated. 

Therefore, with this oonoeption, the •nner in whioh the bolt and nut 

tit together beco•a a.n item ot concern. This •nner ot union is described by 

the class of fit. :u:. is DOif nac.essary to arrive at a conclusion, troa suitable .. 

test results. as to whether the class ot tit contributes. reduces or has no 

etteet on the strength ot the fastening. ftis i11Test1gat1on was illaugurated 

with the purpose of arriTing at such a conclusion. 

As to the JBnner ot testing. photoelastioity lends itself readily tor this 

type of problem and, ot the methods, the two-dimensional analysis was selected 

as best suited tor this pa.rpoae. 
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I?lrRODUOTION 

In the early years ot our oountl'J \he 1111nutacture ot bolts and nuts was 

more ot an art ~n an in&tustry, belng •d• by hand and titted togethe:i-. The 

"mow-how" was pasaed on in the traditional manner, troa journeJJl8ll to appren­

tice and troa rather to son. llachinee ot all sizes, trom tiny watches to huge 

hydro-electric plants, are dependent on these fasteners. 

OJle or the 1.aediate probleu that would be raced 1a: 

'.rhe tremendously rap14 adTance or 1nTent1on and •mtacture brought 
with it an expansion 1n the use ot bolts and mite to the point that 
they early beoaae Oll8 ot the Jrhoi-pal uaa-production parts and aa 
such 1t beoaae absolutely ••••nt1al that they be interchangeable_, not. 
only aa to parts aade by one amd'aoturer, bu\ •• to those •de oy all 
manutacturera.1 

This 1nterchangeab111ty baa been eapbasised 1.Jaenael.y by the past war. 

It was through the ettorta ot the Aaerioan Innltute ot lfut, Bolt and Rivet 

Mamitacturers that apeo1ticat1ona tor thread dillenaions and aethods ot gaging 

baTe been dneloped. These speo1t1cations baTe been uniTersally used in this 

country and mw as a result or the 11nit1ed Screw-thread Pact signed by the 

United States, Britain and Canada, the scope bas been broadened to include other 

countries. 

Consider aoae ot the limitations encountered in the •nufacture or bolts 

and nuts and the aethods used to aaintain specified tolerances. External 

tbreada aay be obtained t'rom two methods, cutting threads and rolling threads. 

'l'he process of' cutting threads is well-known; tho threads are cut on a lathe 
I 

or by chasers. The use ot the chaser bas certain inherent d1aa4Yantages. 
- - ' a-$j 
There is a constant .~ on the thread cutting tools which neoeaait.atea setting 

the Dl3ch1ne to cut as loose a bolt thread as allowed by -the tolerance. In 

1 A.E.R. Peterka, Bolts 1 ~ ~ Screws. p. 56. 
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a lot this will give aizea that will cover the entire range permitted. For 

oloaer tits the operators aust be extremely caretul and their achinea and 

products checked trequentl7. The cutting process will also leave sDBll teether 

burrs and irregularities which will tend to indicate a closer tit than the 
/ 

actual. 

Roll threading oona1Bta ot two procesaes: 

A wire with a diaaeter the seae as the desired outside 41a•ter ot th8 
thread is first 9%\ruded to the pitch cU.aaeter and then the threads 
are rolled on \he extrude4 portion uaiag suitable dies that depreaa 
part ot the steel to tora the root ot the · ihread and torce the other 
•terial up to make the top ot the thread. In the other aethod, the 
original dtaaeter ot the wire 1a larger tban the dea1re4 outside dia­
meter ~ ·the thread. Thia 1s tlrat extruded to \he desired outside 
diameter, then extl"Uded to pitch diameter, and finally the threads 
are rolled upon the reduced wire.2 

FrOlll this type ot thread comes an increase in strength attributed to the cold ' 

working ot extruaion and rolling. The lead, thread shape and size can be con­

trolled very accurately in the tool room by checking with ordinary micrometers 

and, theretore, lends itselt to a better oon~ol of tolerance and mo~ito:rm 
~·,,.,,., 

threads 1n lots. llaas production 1a another advantage or rolling threads. 

The internal thread ot the nut otters the greatest d1ttioult1es 1n •nu-

facturing of tolerances. The limitatiou encountered are that: 

Huts are tapped in a variet7 of •chines with the. use ot solid taps. 
Si110e taps1 tar practioal reasons, are aade solid, there can be no 
adjuataent ot di.Jllellaiou ot the tap, such as is possible in producing 
extarual threads with adjustable dies. The acouraoy ot nut threads, 
therefore, is 1ri1ted by the Tar1at1ons encountered 1n couero1ally 
availab.1~ -taps. __ _ 

-r 

In the commonly used tapping machines add,1tional errors are encountered 
J 

due to the process ot threading. The nuts are threaded continuously by a 

slightly tle:dble tap. The autting end ot the tap is not rigidly held but 

2 !k!!·, p. 46. 

3 ill!· • p. '56 
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tloata and centers itself' through a aeries of nuts. To support this action 

there is only the tla~aided paaaageway. Lack ot parallelism of the top and 

bottom taces and iDaccuncies 1n the blank hole add aore Tariations to the 

course ot the tap. 

1£1th«r tar appearance or corrosion rea1atance •DY nuts a.re plated. .tt'his 

a4c!ed Mterial presents a probl• ln the control of tolerances before and aft.er 

plating. To Mintala a glTen tit the original thread must haTe a larger pitch 

diameter. This will alao give a thread ot two aterials to resist the bending 

loads. 

J'1nally, 't'ariations are to be bed in lead of the thread and ,the angle 

between the sides ot the threed. These errors a~ect the tolerances of the 

pitch diameter. which will be the baaia tor measuring tolerances. If these 

errors 4o exist, then the pitch diameter of the nut must be larger than the 

specified ainillwl to permit entrance of a "go" gage. Should the errors be 

excesahe, the pitch diameter will exceed the specified axinlUa and the "not­

go" gage will reject the nut. 

A study of l"igure J:!. shows the interference encountered •1th a nut of 

perfect thread angle but with a alight poa1t1Te lead fUled to a "go" gage 

hartng perteot angle and lead. Yor engagement to be without ·interference, the 

pitch diameter of the nut JIIUJt necessarily be greater than that of the gage 

by some amount. This uount constitute• a lose 1n the aTailable pitch 41ameter 

tolerance to ooapensate tor this error. Figure lb shows the etteot ot an 81"1"01' 

in thread angle and a larger p11;eh diaJlleter is again necessary to compensate 

tor the error. It waa assuaed that the pge was perfect and so any gage error 

in the opposite direction will increase the losa of tolerance more. The accuracy 

ot a nut 18, therefore, liJlited b7 llallllfacturtng processes end the to.lerances 

.. 
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in CQlllllercia l taps and gages. 

The object ot gaging can be expre ssed in these words: 
' 

The final ruults' . sough t by gaging are to secure interchangeability, ~ 
that is, the asseably o't mating parts without aelection or titting one 
part to another, and to insure that the product aontol'lls to the apeci­
tied dimensions within the 11.aits ot variation establishing the closest 
and loosest conditions ot tit peraiasable in any case, as -proTidecl tor 
in the foregoing specitication.4 

'l'h1s, then, requires at leaat two gages to aaintain YariatiollB within the pre-
. -· -·--

scribed limits. 

is governed by "go" gages , which control t he extent or t he toler ance t oward 

the limit of maximum metal, and represent the maximum limit of t he internal 

-
member and the 111.nillwn limit of the external aember. This gage--wn'l- proTe·-that 

, the nut is not too small to assemble it the gage •111 enter the nut all the way. 

4 Rational Bureau ot standards, Screw-thread standards !EE_ rec1era1 Serf1cea. 
p. 46. 



Far •DJ years aucceaatul 11anutacture bas been carried out with "go" gages 

only. It becomes apparent that the J18Ximull limits of the thread which are 

ordinarily ot less illporta:nce than the &inillawa are cont.rolled by the tap and 

that tar more c11ttioult1es are encountered with nuts being too tight. 

The "not-go" gage controls the extent ot the tolerance toward the liait 

ot mini.awn metal, and represents the miniawa limit of the inter:ml member and 

the rmximum limit or the external ae.mber. Proof that the nut is not larger 

than aoae prescribed aaximwa lim~t is obtained trom this gage. Since the "not­

go" gage checks only the point of interference between the nut a~ the gage, 
• 

no knowledge is obtained as in 'the case of the "go" gage, which checks all 

elements, and that no eleaent ot th.a nut thread is too s•ll. With careful 

control ot JDanutacture and ~uitable inspection t.rom these and more recently 

deTeloped gages, tolerances can be controlled to a high degree ot precision 

and bolts with better classes of fit come into common use. 

An understanding ot the loads in sore'lf-threads is essential to the tact -

that: 

Despite use of JErtially high factors of safety, there is cont.1nual 
_ recurrence ot screw rupture failures, which shows that the usual and 

aiaple method ot ooaputation la in disagreement with actual conditions. 
An entire aa chine can thus be destroyed, as in the instance ot a con­
ucting-rod screw failure. A simple increase of the factor of safet.y 
is insufficient in many cases--;-and leads to an increase in cross-section, 
greater required volume, and increased material requirements.5 

It is a known experillental fact that the highel!t stress occurs in the first 
\ 

thread grooTe at the bottoa ot the nut. Actually the point ot aaxiJIWll stress 

concentration is not at the _root of the thread, that is, at the line ot syllllletry, 

but instead occurs somewhat below., The strain in the bolt and nut is principally 

tension and compression, respectiTely, which are primarily responsible tor the 

5 Bans J'ehle. "Polirisationsoptische Spamiungsuntersuchungen" l'orschuy 
auf !!!_ Ge'biete !!.!. Ingenieurwesen Au. 7 nl (J'an/!'eb 1936) p. 19. 
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concentration at the base. Even with an ideally cut thread on both the bolt 

and nut, as soon as the load is applied the bolt stretches alld the nut com­

presses so that eTen cont.act along the threads will not be possible and the 

loed will be traJlSJllitted chiefiy at the seat ot the nut. P'igure 2 shows the 

parabolic distribution of th e concentration which is derived frOJ1L_axi_al .. de:tco-ra­

ations alone. !ho bolt and nut do not undergo the same tensile elongation and 

as a result the f'irst thread _aust carry the largest share of the load. 

However, if the bendinp; of' the threads is taken into account the concentration 

will be s ub s t a ntiall:r r e duced. The b ending of the t wo threads _in contact i s of 

cantilever aetion. Den Hartog has shown that the bending action of the threads 

is of the same order of magnitude as the difference in the axial deformations 

in the bolt and nut. Although the concentration will reDlllin in the bot~om 

threads, th'e upper thread.a will be enabled to cer.ry more of the l oad. 

In addition to these tactors, circwnf'erential ~tretch -will als o tend to 

moderate the extreme ,concentration. This action results in a stretch of' the 

,nut · at the base, a contraction near the tree end, and bending in the nut wall. 

The combination of' these reactions, particularly the bending of the threads, 
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, 

will aid 1n redistribution or the part or the load but will present an additional 

stress concentration in the fillets or the threads, where the axial load has 

already produced a high concentration. Hence, the aost t'aTorable condition 

will be one in which the larger thread reactions are shirted toward the free 

end. This leads to the possibility that the difference or the size ot 11ating 

parts, the class ot tit, aa1 contribute in some way to the redistribution ot 

theae high loads. '!'here is an additional amount ot .material in the closer 

classes ot tit on the sides, the crests and the roots, which .may proTide con­

ditions which will arteet one or more ot the foregoing taotors. 

Next,. a size or bolt and nut must be selected that 11111 proTide suitable 

results from which a conclusion may be drawn and which 1s used extensively in 

industry. The aircraft industry with its tremendous wa!'-tiae aasa-production 

provides the neceaaa:ry size, Ho. 10-32!D". A reflection on the size ot our air­

power will illustrate the aagnitude of use or this thread in the aircraft indus­

try alone. Thia size ot screw-thread 1s also widely used in the automotiTe and 

other industries. 
-

llo method exceeds photoelasticity as a tool or quantitative stress analysis 

in reliability, scope and practicability. '?he photoelaatic method pr9v1des a 

complete exploration ot principal stresses with speed. accuracy and small cost. 

'l'eehnique has been deTeloped troa the original two-dimensional analysis to the 

three-dimensional analysis which includes trozen stress patteras. Therefore, 

this method was selected as the aediua or inTestigation. 

The extent ot this inT~stigati on will determine the type ot photoelastic 

analysis to use. To insure that the class or tit is the only factor attecting 

~ ' 
any oba:ages in the bolt model, all other conditions must reaain the 8811le. 

Obviously• axiel 4etormations and thread bending will r811111n. Circumterential 

stretch and nut bending may be controlled by a ni table loading traae. '?lie 
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homogeneity ot the aterial and consistency of machining operations will also 

show a det1n1te etteot on the results. Fer these reasons a single model with 

a aeans ot va17ing the class or fit would give more COJIPBrable results. The 

single model can be used in two-dimensional analysis pro'Yided that the loading 

factors can be controlled. Therefore, a loading true was designed which would 

laterally control the tolerances and any horizontal stretch, which replaces the 

three dimensional circUllterential stretch. Vertically, an arm controls the nut 

bending. 

"The most illportant step in any photoelastic in't'estigatio.n is to obtain 

a reliable stress pettern trom a ~nsparent model ot the prototype."6 To 

obtain suitable photoelaatic results two models, a tive and a ten ti.me enlarge­

ment ot the bolt and nut, were used. The smaller IIOdel was used to obtain the 

O't'erall stress pattern while the larger aodel was used to get a closer inspec­

tion or the individual threads. The model enlargements were necessary to get 

images ot sufficient size that could be analyzed without too great a photo­

graphic enlargement. 

The sharp "V" thread was selected as the extreme of thread cutting and to 

yield more tringes ao that changes will show more readily. Also, trom the 

accurate 60° "V" llli.lling cutters anilable, aore consistent notches could be 

cut. The helical path ot the thread was neglected ao that the grooTe stress 

patterns would be more definite. Howner, the pitch was maintained. Since 

the leDgth or the threaded section ot a 'bolt is dependent on its oTerall length, 

the thread groO't'es were cut to extend slightly past the surtacea ot the nut. 

For comparison ot the ditterent stress patterns the maximull stresses are 

expressed as lllU.ltiplea ot the a't'erage stress in the tull section ot the bolt. 

6 K.». J'rooht, Photoelasticity Vol • .!, p. 14:9. 
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The spec1t1o purpose ot this inTestigation is to conclude whether the 

class ot tit ot ecrew-threads contributes, reduces, or has no ettect on the 

distribution or load. 



APPARATUS 

The principal apparatus tor thia blTestigation consists ot a standard 

polariscope, bakelite models and a special loading frame. 

10 

'J.'HE STANDARD R>LARISCOPE - The elements tbs t Mke up the standard polari­

scope are shown in Figure 3. Reading troa lett to right are: 

1. Two light eources; a aercury-npor leap with a tilter to produce a 

monochromatic gree.n light ot waTe length 5461.X; a white light with 

auxiliary lens. 

2. The polarizer; .made troll Polariod platea which produce plane polarized 

light. 

3. A quarter-wave plate that tranatol'll8 the plane polarized light into 

circularly polarized light. 

4. The loading trame tor holding and loading the model. 

:s. A quarter-waTe plate tor reoonTerting the circularly polarized light 

back into plane polarized. 

6. The analyzer, made rrom Polariod plates. 

7. The con.dens 1ng syatem to bring the parallel light rays to a sharp 

tocua and elWnate distortion ot the image. 

a. 'l'he camera and lens; an 8xl0 Tiew camera with a 4%!5 adapter back; a 

Wollensak Velostigmt t6.3. hpo8Ul"e was at tll at 10 second.a on 

Ansoo Isopan tn ... 

THE ll>DELS - Bakelite BT-61-893 was selected as the material best tultil­

ling most ot the ideal requirements. It is •ter-clear, easily .IIBChined with 

ordinary tools and strong enough tor practical handling. 

The models were prepared. in the tollowiag •nner. The stock pl.ate was 

obsened in the polariscope to establish an area of Wliform stress. The use 

ot this area tor the aodel would eliminate annealing.. The part pieces of the 

.. 



Jl 
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.moctel were out. i tnch oversize on e t-en-1neh bBn<J saw. Thia e'Xtra material 

would pr,nen\ the tb1e- edee e f'feet froa reaoh1ng the tinal 'bou.ndarles betore 

the mdel was collJ)lete4. 

J'acto:ry aohine •rka and other 8Cl"lltchea were reaoTed troa tb.e model by .. 
aancU.q with. 320x ... 17 and crecua clo\Jl. The final polisll •• o'btained b7 

\, 

utng terrio oxide (Jeweler'• rouae) u4 water oa a l'Otatlng cUak cow79Cl 

/ 111th aelyYt cloth. Thia t1n1ah 1-eft the mdel with an. al.n&oat wat.er-olear 

' 

transpare11cy. 

!he •chlnist out the aodel to the timl cUaens1ou which are shown in 

J'igure 4. The aides were cut with a 3/8 inch tace milling outter at 240 J'llll• 

To reduce any in\ernal stresses set up by high loeal teaperatures a aoolant. 

o~ aolubli, on w"'s used in the outt.i~ operations. The loacUDg hole• in the 

bolt etea we%'8 1'1:rat drilled un,ters1se and r•med at I'm :r'JJII to t1aal di.Jllea­

aion.s. Lanly, '11e thread notohea were cut wtth a 2 3/4 inch 60° 4ouble angle 

milling cutter at 240 r,a whtoh prayed to be the optillml speed tor least •ehia­

lng atre••••• 
The 110dela were not ann•le4 becaue ot the high quality ot Br-61-893 anct 

the ettecta Gt UDealing are not det1n1te enough to warnnt uae ot the equtp­

MDt. aYa1lable. The etoot piece used aho.e4 Tffr/ little residual stresses. 

The physical properties or .Bakelite BT-11-893 are as tollowa: 

Ul~illate strength (6 ainute teat) 

Optical elaat1c liall 

Modulus of elaat1c1ty 

Poison's ratio 

Brinell Hardneaa Buaber 

hinge wlue, t, l 1.noh thiclmesa 

1'1,000 pa1. 

7,000 pai. 

615,000 psi. 

89.8 

43 psi. 

A oal1brettoa \eat OIi the •tm"ial ga'Te a tl'tllge Talue ot U.9 pat.• slightly 
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leH than manufacturer's data. 

LOAD:tm J'RAM! - A drawing ot the loading t'rule is shown in Figure S and 

the model 1s shown 1n place on the tral!le 1n Figure 6. Tile yoke is the main 

body ot the trame and peraits easy loading or the model. Jtn1te-edge supports 

and bearing plates pro't'ide a uni.fora pressure on tbe underside ot the nut am 

eliminate any error ot aligmaent; due to bending in the yoke. The supports are 

adjustable horizontally into another position to accommodate a larger model. 

Guides control the tolerances by aeana ot a oalibrated adjustable screw. This 

also lilli ts the horizontal stretch. 'l'o coun~ract the bending in the nut wall 

there are bending-balance aras. These, along with the guides, will hold con­

stant the forces com.parable to those nsulting trom circuaterential stretch. 
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DETERMINATION OF THE I.OAD Dm'l'RIBUTION 

TKST PROCEDURE - The standard polariscope, as shown in Figure 3, was Sfilo..-­

up and aliP.P,ed. A background ot JIU!lXilllUDl darkness was tirst obtained by setting 

the polarizer at zero degrees ,ind adjusting the analyzer. Quarter-waTe plates 

were next inserted, the first with its optical axis torty-:f'iTe degrees to the 

principal plane of' the polarizer while the second was manipulated to maintain 

the dark background. This set-up, w1 th the aonochro•tic light, was used to 

obtain the stress patterns. 

The model was placed in the loading trame, l!'igure 5, with zero fit. A 

mixed set-up, that is, a bright background, was used to :tocus and insure sharp, 

clearly defined edges and tringes. With a slight load ~pplied to the model, 

the olasa ot tit/ based on pitch diueter tolerances and listed on J'igure 4, 

was Easured and a check •de to gb'e simultaneous contact ot all threads. Test 

loads were applied by .means ot a bMll in the loading aachine to giTe a satis­

tactoJ'J atresa pattern with 8 to 10 :t'ringes at the root of' the lowest bolt thread 

in contact. This stresa was below the elastic limit. A photograph of the stress 

pattern ~as teken at f'll with a 10 second exposure. For each of the classes ot 

tit,7 1, 2 and 3, a photographic stress pattern was obtained. 

laoclinics, that is, the locus of points along which the principal stresses 

haTe peral l el directi ons , were obtained next. In order to increase the distinct­

ness of the isoelinios a white-light source is used instead of a monoohromatic 

source. Also, 

which gives an 

the quarter-waTe plates were remc,yed to give a pjane polariscope 

ieoolinio superimposed OYer the stress pette~iTing (p - q). 

· The parameters of the ieocl1nica were TIU'ied by changing the axes of the polar­

-izer and analyzer. A reflector box replaced the camera. This box contained a 

7 National Bureau of Standards, .2E.• cit., pp. 34-36. 
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.mirror set at torty-ti Te degrees and a glass plate on which to draw the iso­

clinics. At regular 1nterTals ot ten d.egre.es, measured clockwise on the polar-_ 

izer whea -.1ewed toward the source, the .1soclin1os were drawn. 

To follow the tlow ot forces through the bolt and nut the stress trajec­

tories were drawn. These limts ot torces are ctll'Tes, the tangents to which 

represent the directions ot one ot the prinoipel stresses. They are collBtruoted 

by graphical processes on the basis ot the isoclinics. The process followed is 

outlined in Frochtta Photoelasticit7.8 

B !'rocht, .!?.E.• .£!1•, pp. 198-201. 
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DISCUSSION OV TEST RI!'SOLTS - Prior to making the load applioaticm, an 

inspection ot the model showed no t1ae-edge ettect but that some aach1ntng 

stresaes were pr-eaen.t. These stresses appeared as aingle Ugbt bands slightly 

inward from the thread edge•. The 1r Mgni t.ude was -.all, Pll"tioularl.y when 

oompared to the local stresses ot the applied load. 

In all the photo"grSphs, higher coneentnt1ons of stress appeared at the 

second threa~ (numbered from the top). A closer inspection showed that the 

axial locetion of the left -thread notch is in error. This would. accoun_t tor 

the threads co.ming into oontaot earlier. Since the loading mrtacea of the 

threads are on dit'terent levels due to pitch, it would be expected that the 

righ'\-side t.hreads would carry more ot the _load. This 1s clearly indicated 

in the photographs and, also, tb8t the load eccentricity added by axial error 

is partially transferred to the right side. The UlOUDt ot any shift ot load 

would be diminished it the 1.hree dimensional aspect ot the nut is considered_. 

Howner, the stress patterns are consist.ant in this manner and, therefore, are 

ot no inaediate concern. The symmetrical p.,.ttern in the stem ot the bolt 

indicates that the load was applied along the centerline. 

A comparison of the ~•o patterns for eaoh tit shows only a slight dif­

terence due to changes in the ILIIOUDt of loading tor distinctness. Only in the 

center or the thread section 1.s this change pronounced by a slight shirt ot 

tringe line. 

In Pigurea 7, 8 and 9, the stress patterns are not sharp in the 1.Julediate 

Yioinit7 of the threads. This lack of aberpnesa destroys their Talue tor a 

close comparison ot tho root concentration in each fit. BoweTer, a general 

oomperiaon can be mde 1n the center of the threaded section. Rear the top 

the patterns are allloat identical. The diagonal fringe shifted Tery slightly 
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to tba latt at a claaa 2 tit. Ro ohaD.ges were JB8de in tits 1 and 3. At the 

bottom ot this tringe in the lower lett section, a raising ot the tringe is 

:noticed in both the class 2 and 3 tits. Also, in the center ot the lett sec­

tion the larger fringes becomes tainter with lesser tit. 

The prints ot these three patterns were nade Tery earetal.ly. A large 

mgnitioation and, consequently, a long exposure 11aa necessary. These alone 

would be enough to reduce greatly the clarity ot the print. Alao sharpness 

would be reduced in the condensing system which prOTed to be unneoesaa1•1 with 

a aaall JDDdel. 

purposes only. 

• J"or these reasons, Figures 7, 8 and 9 were used tor qualitatiTe 

An ins-pe ct ion of Figures 10, 11 end 12 shows that the fringes near the 

top are al!!!ost identical. It is noticeable that there is a lack ot balance 

ot t.hl) tolerance in the class 2 tit. Th«t would account tor sane changes in 

the general :sattern. There is an inareasing tendency or the tringe, running 

trom the first lett thread to the second right thread, to lift toward the top. 

At the lowest lett thread in contact, the :t"ringes moTe slightly toward the. bolt 

center with increasing DU111Der or tit. 

The strass concentr a tion factors, expressed aa multiples ot t.he aTerage 

stem stress, are shown in the :t"ollowing table. '!'he tbr.ead number indicates 

the thread in contact reading from top to bottom. 
/ 

Claaa l Clasa 2 Class 3 
'?bread number Lett Right Lett Right Left Right 

l 6 11 8 9 8 9 

2 6 9 6 7 7 9 

3 ,, ., 4 7 !5 8 

4 4 ., 4 ' 4 7 

The root fringes tor the ClaH 2 tit were more ditticult to read and, due 

• 







-
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also to tb.e error 1n the balance ot tolerances, the stress factors ft1'1 so.ma­

what b'Olll the pattern. There is _indicated a tendency toward 1ncreas1ng ooncen­

tra_tion near the t.op threads. 

A plane polariscope and a wh1'e light were used ill drawing the iaocl1n1cs. 

The genere.l potterns in the "fie1nit7 ot the ~eads was the same for all tit.a 

as shown in Figures 13, 1• and J.5. The marked change occured in the center of 

the threaded sections. The tendency was tor the isoclln.1 cs to 11:t't slightly 

and moTe towaTd -t he cent er . 'Illero 1.s always the possibility of error in draw­

ing 1aocllnice since the dart JN1ttern 1• not too sharp when drawn tro.m a re­

tleeted 1.age. Photographa would g1Ye beat result• since the streaa patterns 

would reaain the saae and any change would be a reault ot the new 1aoo11nia. 

·The stress trajeotoriea are der1Ted f'looa the 1soal1n1es. Theretore, any 

alumge ill the iaoolinioa woula result in a change ot the stress trajectories. 

It is nident trom :rigures 16, 1, and 18 that these patterns show auch an 

etteot. The lines tend to ao~e toward tba center with increasing nuaber ot 

tit. 

Bo stresses were determined since it is not within tbe scope ot this 

1nvestipt1on and there is s~ticient intomation to arrive at a conclusion. 

Although the iaoolinica were drawn tor the nut, no mention has been .made ot its 

load c!1stribut1on because its action is ot t~ee d1.inens1ons as has already 

been pointed out and the reaults would be erroneous. The adYantage ot using 

single JIIOdels ia shown here. It. tor «maple, three modela were used, cme tor 

each tit. the aachining error that increased the stress concentrations 111 the · 

upper threads might be interpreted•• resulting t.rom the olaas ot tit. 
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StnftMA~ /i.Nn C.!"'!TC!, file!S - The stress patterns, stress eoncntntton• and 

tbe lsocl1n1os indicate e def i nite effect on t he distribution of tb e load. 

Hovce•er • t he metrni t ude of t h1 s e ~:ect may uot be of sufi'icient. iaportanoe to 

be used as an argw1ent. 

To ehl!lnp;~ t he PJtress pntt9l"!l 1n the o.eatv of the threatled NOtion. requi:rea 

a consider abl e additional load. lt llight be pointed out. th.et for a fringe 

or4er change in t.he at.ea required e1ghty-~wo po1Ul48. lfot this auoh woul4 be 
~ 

nec•118arJ 1n t.h• threaded aect.1oa but it woul4 1nd1oate that the gain ot thia 

sail redi stributlon would not waJTU.t. a change or claea ot tit. 

The stress e once nt.retione showed .only e slight trent1 toward acntng th.e 

large-r d iat.ribut.ion upNerd. The fringes counted at the root.a 1nereeae rapicU1 

at the abarp note.bes but. IIOYe inwardly ,.,..!lowly. Phot.ographic or optical et"rect.a 
r•-.._....,~,..•· :~ I , 

blur aome ot the h'in8•• ao that the "fer/ ex.ct. nuaber cou14 not be deter.mined. 

The gain 1• a ahitt. ot one trillge order upl8l'f!. It the _tanener is to be us.a 

tor 1mJ)act loads or e t ~ln e t ed t enper9tu.res, then the increase or class of tit 

would be boneticiel. I~~ ny cases t ho b olt an d nut aro .JL.l.a_t:~ This would 

add a t h i n layor of netul which would ro,md the root to e smooth cune and tend 

to reduce the concentration. The gain. rraa olaaa of fit 1f()U].d, therefore, be 

lost since the eonoea~tion shirt would be eytden.t only at higll fringe orders, 

as in 1ihi• oase •1th •harp notolles. 

lJl t.he Ticinlt:, of the threads there is practically no ohange in the 

isoolinios . This area ls critical alld an:, redistribution ot load 110uld be 

beneficia.l. BoweYer, the pin tro• class of tit a:f'feota the oen~r portion 

which 1.s JaOre oapeble of taking the load. 

Figure 11 will illust.rate the etteot ~et a smell error i n t he ba lance 

of the t ol er ance wil l e.l t er t he strens :pettern considerably. Thc r e!'ore , error 
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in either l"'ad or thread anule 'ftill mo~~n_ortset a gain from class of fit. 

Plating may r educe these errors somewhat s i nce t he layer of metal could be 

worn to get bettor cont.act between the thl"eads. 

Although there is a small chftn~e in \he distribution of load. due to an 

increase of class of fit , t he e11in \'Jill not , i n most cases , warrant its use 

as a means of strengthening the fastener. Only with very consistent and accu­

rate aanutactur1ng processes and certain conditions could class ot tit beoOllle 

a good argument tor load distr1but1on. 
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