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LuGo cnd Dolto oro crsnpot car ccoeacnt footening
Covidccoe 2caplicn U31Co opo vidoly ucc in Uaginon, Cachinepy
of voricap hirdo cad dn ploold oficturog. zhoy havo valene
cluraloroo 48 hofr contritutien Co oncod of accenbly cad
GArcatifnge oy oloo ghvwo cocporativoldy p8gdd ead ccoooet
Jointo cad Cren the otcadpofint of ototic obecapth aro
cntoenody cfficicate In tho nedom otruetural praetico
thep have caoplotoly soplaced tho pivolso én commoeticno
Bofng noro officicas n roolioting tho cheor 2040 on tho
oGruetuaros.

Cechtcatng £ato cnd tolto 8o o cicnio Job, ot icoot
co 4C coctooe Dat Dov cudh @ vo S4axcn o hov o Sigaten
o particalop 31ted aoocobly o o hmota woluo ¢ I Lo cld
tut ipoocdblo cotting otendasdiced Corguo wvalueo to Sichtoa
e O Coproo of tachtnogo Gepeado oo tho reenfrersato of
Cooirne patordnlio footoned, iubricaticn conditisnp cnd tho
funetien of 2@ profducty,nldld go inCo coliian eeurh 1inito
Tt o muotor of othor AL7PEcMlG-o=2imro voriablon nlco
(5 nto tho nin.

The ainl oteono infuccd by tho ticghteninp eporotica
15 endlod Inibin} Tcnoion. Thic initicl toncdon hoo pof o
proendacat ploeo in tho Gooira of bLoltod acocoblies cad Ao
cportoaco vap ponliced ap £or Back oo vihicn Cho Boifo wepe
uccd or footeadng ho portoe For Aosirn purpocos 0 pEOpOE
ovnlngtien of thio Lootop 48 DOCCICPYe

[lrny pothodo vdro uced o prolocd tho Talto to Lot
volnoo Bt thoy voro rootriolcd Co 1dnitod uco duo Co thode
hichoe opornticn tircc. 32n 4oy to doy praetico thio verll voo
catmaoted to tho liecdhendes o £002 hio habit, judgeoaat ond



coacPitnec nrcloadcd the baltg vith the typlcal veenchos.

Zo 1t vap found nceconary €9 cootinato tho averane toneilo
lood induecd into DOt Cightoned by o £24l1led cochenic vhile
toing o typienl oot of vrancice. lony atlbeoote vore node in
tilo dircetion by vorious invectipatorn.

In Betsp 1200 Lrcuo of J4DIcy Journnl of Tapincerings
Profoocor Jellelarr of Cornoll Taivorpity oabliched tho reculss
of cmerizonto nodo at tho Undweeity ea o nunber of nochenies
end Coptved o rolationg

Py = 30020 D ido
vhoro g 3o Indticl Incd 4n g
D ip nouingl dicoter of nll &n Anchon.

Popr me ol to noted contaet Jolnto Lhip polabicn voo
emPirnsd voll by doroon conepinonts with Bolts hoving dic.
of /2 Ineg /0 iN., 08 1 20,

If o Lodt fontrnp Gon porto vith a £leonmible pochrt
botween then, o czellcp offort &0 onilicd 4n order not <o
eruch tho gocket ond AndCipd leald ooy Lo to'an an onc<holf
of that given by tho obavo pclntion,

“ho eazratedl ndtind oloos Uy fron thoeo relations
for o /9Y md conllop Golts Cay bo obsve tho ultinate streagth
of lov earbtam otcclo vkich acenunto for tho ocensisngl foilurcp
of rooller balto Guring tichatening. +hio obocrvation ougrontesd
hnt enre e tnlvea not €0 et conll nepcug cnd toldls too Ak,

Laotce Totrio found the initicl otroon for (hc r theeod
cCricl, onc inch o1t or inerir o Bo

A
Wiﬁg DeCed { D 1anch )
B 1

- Thip rolation cugoeots that 1€ g hich oteonpgth oS
Ratcrinl 4o uscdy it ooy be AA€FLcule 4n cnen of lorper Lalip
to induen m dndtinl tcncilo otocns vhich renomnrhan 0
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Lotor Cardullo baping hio obporvationo on Dawve's rclation
prononcd o Bolt formuln

U © 5y ( 0,66 D°~ 0,26 D )

thoro U 1o prrofooible loed in Lba., Jg 4o vorizing otrono
in tcnolon ond D 4o noodnpl outoldo disrotor dn inchos, 1% ip
pocn thot thic forculs gives 1itilo or no pornionidbleo lond on
bolto of 1/0" Qicrotor ond loog. It &0 pother inpdvicadblo to
uso tho foroula vhoro porfoet tightnoop s dopircd and vhore
thoro 4o particular nocd of 1ipght construction.

Unuin pocozncende the follovwing rolaticen for allovable
otrooseo cnf bolto of ordinary otood to trke fluid tight jointo.

840 1600 ¢ 1600 D for wough jointo

m 3500 ¢+ 3000 D2 for faccd Jointp

Lo deoirnors tohio caro of 4nitiol Conpion Ly providiap
cn pllovenco by cultiplying the coparating forcc by 1.00 in
computing the atress on the root agrea of the holt,

Tho degreo of tightneoos dependo unon tho ommericneo ond
Judpencnt of tho occhrnic cnd co 1o bound to vary fron con to Dion.
Aleo, hio ohysieal oteength end cnvironcuintol conditlonp ploy on
inptrunental rolo in nmelting hio fool the deopeeo of tiphtnoocn, The
rclotion given by Prof. Barr if $chion to bo on avorage tut
renpresentative for cn Acericon £hidillcd rechenie pay not hold pood
In cozo of on pverone Indicn ochenies Yo tho bBost of author's
knouledge no attetpt in his hooio esuntiry hoo over boen oade to
ontablich como sueh rolaticn cuitadle to Indicn eenditions. “ho
catror hoo found thioc a cood opnortunity Lo vosl on thig nroblcl
i geoloeted thio for hip theolo vorl at thig Undvorsity.

It hnp boen intonded o Anvontipnte statictienlly tho
initipl tenpfon in tho BOlt by hoving difforent vorlhcrp tirhtea
tho bolto of 4ifforent pisop with differont oopcnnokn ond then o
deteroin tho lond 4duo ta thosce Righteningo.
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Tho algebrale relotisn dotvoen the torquo apnlied on
the nut vhile tichtening cnd tho aniol tonpion $nduecd in o
ol poy bo detorsined in torso of coofficicnt of frietion

botvoen tho sliding ports ond tho dicmencions of tho mat, bolt

and thropdn. ean A brne +M Pa Mo
<&

coon =Mbten ok To
vhero T = fpplicd "orquo .
P Fiteh rodfun of threed in bolt
Pem toon radiug of nut foco
A & lindf thrcad gaplo
Ko Liclix cario of Shrond
Mi= Cooff, of frictian ot thrond curfoce
Mom Cooff. of friction ot nut foeo
‘he adsve cqunticn pivop o theoratically correet relation
botveen torguo apnlicd end the roculting tension in terno of
voriousn quentitice, '
Hovover g picplo cnd coro practicsl relotion 40 dopired |
to bo roro ugsoful in acctuanl proctico,.
Degloeting the hollix cnpglo rnd toking Pe o bo 4/3 tince
ey Vo got
M, Temy ;
oA g
Cormnlly M, & My e 0,10 for Ary unlubrieatcd otcol on pteel

carfocon od
g

Heace ve pgot for Uhitvorth threado,
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The above ascantions ore roncanablo oineo cocffs of
friction o cubjeoet to conolderable vorintion, beinpg offcetad
by tho condition rmd £it of thrond rorfaco, tho lubriention
cnd tho copnitudo of vnit procouso Botvocn 0liding purfocco.
Lles, tho cooff, of running £eiction 4o lops then thoe cocff,
of ptarting friction,

tienoy ond others have found oxporimcntally o rolantion
of tho form

‘i’ﬁG.ﬁ,‘Fi

¢ = C.20 for U unludricated throado

= 0,18 for 11 ludbriented

Thio torgque T oonlicd in ti-hicaing s portly opaingt
friction cnd portly in oteotehing thoe balt to profuco tcnplen
F,_. In ordor to dotorming tho porecntoro of torquo T uccd in
gtratching tho Balt, coasifce tho pgonceol rolation

T e opg ( Ty coo) pinsk eMDy eapl) ¢ Myl

hut 'y o ¥, { coph eap ok =M ninc )

T o py (P c00) oinoemeonx )+ £o VpMr(eo0) con M 0incX )
or T = Py F coo) pdnXe By FpMc00Xe P, Py (eo0A enpx =M 810 o)

Froo thio 4% ean bo obeorved thet firat tero go in
ptrotehing the Bolt vhorons noxt tve Corto oro for friction,

L pteceh i} coo» cins |
‘friction MDA + P My { COBA COOX wM)0ine )
Fe

Por p 1 inen 37U L;glt Thoro
o’ 20 30° ‘)\0 m-écm QOGQ ﬂmo S0¢
M = Nf 0.18

o hove



%o N 0877 0.04702
*gfriction O m(o.moso%(o.m7 0.08005+0.16 ,04722))
1
0,535

T Slveel,

_ |
et TMEEE 6‘:‘5’3%"'
Totroen * ~gag- mge = 10-6 5

Thio rchovs thot on on avorago only 0.5 <€ porcent of
tho torguo oprlicd o in otrctching tho bolt vhilo the ropt 4o
uced aroinet friction, Thnot io the rcacon, Cho torgue neopcured
by o torgue vreneh nceononry to indueo g coriain infiinl tonoion
varies econpidorpably with tho eonditlon of rurfaoeo of the theeefo

ond of the surfaco in contcet bDotuwocn tho nut fnee mmd ito coat,
typo of £4¢ batveen tho throod, vith tho kind ond coount of
lubriention of tho rubbing carfacon, vith tho onterials &
eantact ond vwith the plopo of the theepdpy that 1o the troudlo-
gonie varinble 1g tho cocff, of friction,
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7he oteroocos An o bolt, ncrov, or otud vhen 1t 4o
geroued up tightly orie |
a) 4 tonsilo strogs duc to ptrotehing of bolt,
b) A torsional stroes enuocd by the frictisongl rosiotenco
of tho threcd Quring itp Sightoning. (nd
¢) A btonding otross Af tho carfoeeo under Sho head or
nut oro not porfoetly normal Uo tho bolt ouin,

if tho cutsido rurfoce of tho parto thot arc btolted
togother, aro not varnlloly the bole vill Do cubjoeted to
bending by o coment M1 thieh is conotent over tho vhele freo
lcapth 1. ( vido figs X )

“ho otross induscd By this tonding may W faund by the
folloving rolntionyd

" 5

?hiﬁ chovp thot for o given taterinl tho otross dopends
only on the ratia‘% .

For ono inch tolt holding torethor tvo flonpos vihiceh
Bavo o eonbinced thiemoos of 2.6 fneh cnd aro nloecd that cop
o 40 0.C003 dnch, tho otvans ip

B, = 0s003_x 20,600,000
b® B R 2.0 '

- 43300 p.oe i

Innpite of the vory canll doviantiong of tho surfaccg
front boing parallol, tho stroon cxeocds tho clootie limit,



(b)

(ay)

——




Thips chovg hov fomortant Lt 1o to hovo tho outoido
carfocep trae, I thoy aro pot cachincd, then the surfaco
around the hole rust bo spot foced,

For IC gtondardo Boltp with oisoo from V/0° to 37
ond for M 20,18 endMo=0,30, tho rosulicnt of tho vorloun
inducod stroncos Lo found to be from 207 to 227 prootor
then the taacilo stroos olonc. lovover, for o sercy uvith
o dinmotor of 3/4° or loons, the initial otroco Conendo oo
eh upen tho judrgerent cnd the omncricnces of tho cochondc
thot on attorpt to enlcaloto 1% 1o preacticslly ucoloss.

Zhe up of bendinp strepp cnd tho inglial otreos
fron peroving the nut ecn vwopy casily crecedn not caly tho
olaotic 1imit But even the ultinnto gtrenpth of tho bolt
tatoripnl. Fovover, boeruge of tho Guetility of gteol, tho
bolt will bBo bont foro bropkinpg. %This brading will relicovo
come of the ntrago, tut it ip not ncroipoiblo in o cachino

rort,

e DITTIIAL )

Genorally tho catomel load applicd to the Bolt tondo
to poparoto tho connceted nachine nopto in the 4Aircetion of
the tolt anin, cnd this getion ocots up a tenpile otross in the
bolt, Sonotiros vhen tho tolto arc used to provent tho rolotivo
Covenent of tvo or Coro ports, o choap strooo Lo induced in the
Bolts Uhcn tho action of tho locd 1o ot con carlo to tho axio,
tho strogs in tho bolt Doeoshos tenoien cnd choor combined, Thio
cutermal lopd con bo static as vwoll ao 4ynanic.

SHE AL

then o chopr lond 1o condnp on the halécﬂ Joint, tho



Bolt 4o ¢tightcned to produen on initisl tensilo prolocd
Pys o vory high voluo, cfter vhich tho omteraal chear lood
ip inposod. Tho effcet of nrclond is to placo the parts 4n
corpropoien cnd ereato cufficicnt friection Botvcen them,to
prevent ingdniooiblo relotive dioplneccoent of the cleccnto
in the diroction of tho neting foreopn which vounld load thoe
Polt additionnlly in bonding.

Tho valuno of Py i0 doterntned by the requirod frietion

forco P acting botveen tho contoet surfacon according to the

condition
PaPygrilaM2> R 4= puirs of emntuet surfacon
Py —i— M= epoff, of friction

1 4o ozternnl chear locd

Uhen the balt 4o incorted 4n o rooncd hole vith n
eonll intorforenco, the shearing load 1o tohon by the Bole
chonk, Ouch g joint ip not noeonsarily prontroncoed.

Lruaxai

- Tho tennile otresso romulting in o Rolt from the
combined getion of the inftipl logd put on vhen the thread
i perovod tight ond of the extornal locd pay be found froo
the folleoving rolantion

Cy
b

Yo
vhoro P, 1s total locd on bolt
2 13 cxternol locd
Cp 15 otiffncen of bolt
€ 4o otiffnoos of connceted porto
or P, =Tyg + ¥,

1.0, in Joints uvith tho nroptrooning forec ¥y oftce

PNy
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tho aortorol locd has been annlicd the forec ancting on the
bolt 1o inercnged by Py

P ow P m‘:ﬁ Z P
& @b > O
Vbrosining tho neovionn cquatinn vwo geo that 4f the
otiffnons of bolt Cp 10 very lorge ag cozporcd to C, then

P, oppronchon (Fy + P )

If €y, 10 vory sonll op corporod to €, the ftoro in
broc:ot boeomes vory coall cnd total lood annroachos Fg o

Shorofore tho aetunll lond is clunys botvecn tho
indtipl tonoion ond tho indtinl tcapinn plusg tho ogtemal
lend { Providcd tho joint doog not orca ). Thogo reontiyo

“ho nbove analynic is not apnvlieablo vhen tho bold
ig pubjceted to pipnifieont boading coconts ap vhen ¢hoe
Cockot io fnpido of tho Tolt eirelc, o vory oo on QPron[c=

oent for flaot or ring pogoto.

Lhen o variablo lond 10 impocod on the noconbly,
tho bslt sloo oxporicneon tho vaoriablo londy thoupgh, of logo
- Dagnitudo, Uhen tho externol load ehongoo fron O to Py tho
tolt pcetion dovelops vaorying otrong vith o coaxicun eyelo
otross

Op o 04 + }%’w

&.’.

end poplitudo U
Ay

if the locd oan tho sacenbly 1o ecomplotoly roversiblo
the eyleo amnlitado 10»}?”



i

The amplitude of the altemating load depends on the
Teletive stiffness of the bolt and clamped parts. The assembly
with reletively flexidle Dolt will have mich less amplitude
in btolt stress than the one vwith rigid bdolt. It will also be
seen that greater is the initial stress larger will bs the
- Valus of the mesn stress on the bolt., Of course, it will
taks up larger sxternsl losds without the separation of joint.

D Wi A N g oy W
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Proloanding of bolto in irmortent cochonieal or
otructural joints 1o cn ontablicheé practieo vhich, to
Qoot inewoocingly otfingent dosimn voquircencntg, in boing
core ocnd oro vidoly apnlied., I8 Lo nov Doing opoeificd
for neny non-ptructural joints c.ge Dy oloetrienl cguipnead
tenufaeturors o cocuro nfequete cleoping of jointso in
oosantindl circaits ond henco tholr lov popintonecs Cortain
acecocorics conufaeturors ore alco incioting uron nrctonscicning

%o cnocuro tho corroet cnd pofo anorobly of theiy profuctn.

deotennioning of tho bolt producos bencfito thaot
£all into fivo brocd cntarerico.

o) Imnpovcrent in thrend foru and in avnlicd lond
disteibution,

b) Reduetion of renpo of tengion load fluetuctions,

©) Reduetion of renpe of chcar load fluetuntions.

d) Allovintion of cpiverso offcets ot inclincd bodding
foeooe

o) Gecnoral stiffening of tho corplote Jointo,.

o The ioproveacnt in thrced form 40 atteitutablo to

plooticity. Tve Bracfoeinl threed offoets orc noronlly
prceent, Pirst, drvrorularitico in theonds oro cooothened

out cnd o better contact Botreen tho throonds cnd nuto cnd

of tho Bolt obtained., Cocondly, o CoPo cquitobdleo diptritution
of tronooittod lond ip produccd Rotucen tho oporativo g3§§§
of the thecpdn on tho bolt, ZThia porultso in ATh rooncets



go woll boyond vhnt 4o ponsible by cny tonufoacturing nroctoo.

It aosy bo gdded hero thot thaso Goodred effceto t& bo
achioved,=a folrly hoovy protensioning Ao nccoasary alibhoach
thero pay be difficultico of opinion no to tho procise dogrocs.
lieny €:411c¢8 oporotors tichten untill yiolding ic dofinfte
nd obvious ( It o underatood thin dogroo of tiphtnoos 1o not
olvoayo attainablo with otendard oguipaont for bolto of lorpey
dinsotor ). I¢ Lo proboblo that guch yiclding vhich ig dotootnd
portly Dy the obgcorvation of tho nunbor of égégé of nut.cnd
partly by 'fcol’, ip confincd to the thropde. hin dopree of
tightening porcarn Co Bo ndcgnnto, cnd 1% ig probably unfonirablc
oo voll ap unnceoosary to nroecocd to o otope uvkero genowrpl
yiclding of tho onin bBady of the bolt occurn. The bodding
dotn procoss, whieh toico place not enly ot the throado but
ploo nt the contact £acop of tho structural clcnento connrining
tho jointn, 1o progronsive under tho getion of tho fluctunting
londo thot 10 ioposed on tho atoandy tonoion loand, Loft to
1t001f tho originslly ticht nut decotos nlaek ond nay rotato
olipghtly. In this cvent ruch of the benefit of threpd
protongloning 18 loot, On tho other hend 4f tenanion 1o pointolnc
tho prbgresnivo bodding do'm ot tho threods ip doncfieinl. fo
it 15 necogoary that tonolon in tho bolt chould bo caintained
coantinnounly.

b

Tho oceond Benoficinl of foet of nrotenoloning 1o the
reduetion In ranpe of fluetanting tonsion fonogod by tho
oporatinnal loadinp, This rodnetion arricon fran the eosnmnrotiv
flcribility of the Dolt in tcnsion and the en—marative pirlitty,



4

in coopronnion of tho atraetural ﬂicncntn that are tlonncd
togother by the bolt cnd the nut. If, for cEooplo, tho Bolt
undcr Scaofen oxpondg ton ticon s cueh oo tho sturucure contract
unfor tho corrcononding cooprossivo forco, then only onc eleovcath
of the lond fluctuation pognop through the bolt, tho redaindicr
poaosen throuﬁh the gtrueturo vhich Boing in eolpransion io not
ao o sule wulnorgble to fotipuc.

Thioc roduetion in tho rengo of loed Bluetuaticns o
obtaincd ot tho pri¢o of o rolotfvoly high otopdy ntrocn op
ocon otrens 4n tho bolt. Undor roacanadlo conditiono of Acoirm
md opeorotion ocnd provided protcnsioning 1o Iicpt vithin vhot
venld bo ccnorally”rcgnrﬂe& oo soaconadle limito, tho offoet of
thic oleady streco in nocondary.

Tho rolioving offcet £ailo only 1f tho eporational
toenglen oxecodn tho initinl tompion, 4n vhich ocvont the eontaetin
facop of tho structurc goparoto cnd thore io no coonroonion in
tho otruetarc. Under ronconable dceipn conditiono thip ig
unlikely to oecur. Cubjoet to compidorotion of ototic stronpth
o vory oceaplongl overlond in thlp roonoet fo not likely to 4o
tuch harn €ron tho £atipuc otond point,

¢ith tho rosorvntion rentioncd for tho vory heavy lcaa;
tho benefits of protontioning throurh dirmunition of azial lond
fluetnationo aro conoidorabdlo cnd opornto ovor the cntire locding
rengoe  In toroo of fotipguo 14f0, thoy are coro oignifieont ot
lovw loading lovolo, oined tho £atipuo lifo oy bo omtonded
indofinitoly. Trho fatipguc tooto ecarricd ot tho do Navilcad
Alreraft Conpeny in U.i. choved on inceronro in 1ifo by o foctor
of appronicatoly 1000f 1 vhen protcnsion locd vos inercased £ron

1100 o 0400 Lbn, for con idontical lopding nottern,. : .



Yor o choar Joint, tho c8ventores of o high protonoien
or0 iosodintoly obvious. In £i7,2 which chovo o oicplo cheor
Joint held by ono bolt, 1€ tho Bolt 1o not londed to a hich fig.
1¢ vill bo geen that £t oelis 0o o pere In ordop to obinin o
roaeonablo fotipuo 14€¢, tath tho holo cnd bolto afa ucde €2
voRy ¢loco liniGo. 1If, bovovor, tho otreno in tho bolt 4o roiscd
to o wry high lovel, tho frictinon 1o urcd to earry the altornato
londo, If P 40 tho loond in tho bDolt, cnd M 1o cooff. of friction
Dotvecn the platos, then nrovided that cltornoting chear load
1p loon theaMP, the Dolt vill corry no odditional locd. It
ecnanot, trepoforos fall dn €otifmc.

{nother dcportent practlceal civentare 4s that, boecuno
tho tolt 1 no lenger o poge the dicconnional toloroncen of both
tho bolt cnd hole oro no lenpor of npino iomortonce, In ciony
practicnl encos vherco welicht 1o cn {orortont conniderationy thooo
dicncnpiono aro in foel corefully waintoined., Vhio factor 15
copecinlly ioportont vhore tho choor locd ond cooff. of friction
aro opcn to doudt.

4 In cozop vhere the fneco of the nut ond tho structure oro
initiolly ineclincd, thoy aro breurcht Sopgothor by protonsioning.
“ho rocult of thip permenent eontaet 4o thot fluctuptions in
bonding onent i romaved cocnlctely. Theore 40, oloarly, oluays
proccnt tho ateady beading cacent nccoanary to produco full eontoc
bat 4t L0 o foet on fotimo 1lifo 1o noroally ccoondopye Furihop
tora, vith cpooe in norufacturc of contoet focoogy tho otondy bordin

Qoront con be roduced to comothing vory cmnll.

It 10 of intcrent to conoldor o 1itCle furthorg the
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cenufacturing licitntionn in rolation to eontaoet anplos Cloorly
protennioning chould not bo relied upon to bring topothor two
curfncoo inclincd oripinnlly gt gevoral dogroon €9 onel otror,

On tho othor hoild, conufaeturing secursey is not abooluto gnd

it on~ooro reoconablo to ascuno that o coall anplo of ineidination
ccn ozipd nonito of tho caro token, Uithout protensioning,
thoroforo, thore cust oxist cono lov 1§aﬁ1na lovol nt vhich cntiro
fluctuating axinl load 1o applicd nonw-nuinlly ot eon ofdgo oy corncer
of tho nut. %ho cgooocintcd bonding rocont 4o then for moro
donnping £ron the fotipno otondnoint then tho oaxial conponcnt of
tcnolon, olthourh enly o c=all doprco of protensioning io roguired
to rcoovo it cntiroly. Shuc, 4% Wonld en~oor thot vhile protensic
ing 10 grogtly teonofceinl all conditions of btodding, it nay hove
o cneeinl ond vital airnificcnen undor conditions of lov lond
£lunetuatisng cuch on ore prouced by vibrntion.

0 SRIEETIXI6 07 reneTRiE

~ Tho bonofit of protongioning aricos fron tho gonorald
ctiffcning of tho otruoturc vhich i1t prodacop. Without protcasior
ing tho noneaninl loaging offeeto dopond prinarily on tho
flozidility of tho narticuler structural clenont irmedintoly
under the nut foce. Protenslioning cloppe oli thoe elenento
topothor cnd in ponopnl pivos o conoidorablo inercaso in ovorall
cffcetive otiffnoso.

Cloocly ollicd So thio diroet otiffoning of feet 4o tho
provention of frotting that oy arice froa a pgenoral loocenons
in tho comploto Joint unit, Ao 4o woll hknotn, frotiing 1o on
aceoloration of fatigo follurce, 4 0ild dopgroo 06 tcnaionina.”m
nay vo incufficicnt to prevent oxeoosive frotting, but in any
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e
event a * f£irst tight” may soon boeome a slack unit, Fretting

cannot necessarily be elumingted entively by pretensioning op
in faet by any other means, bdut 1t is rendered much less
likely to occar,

O U W g AR A V1 i N A Wy



o

In tho dondirn of ionortont Jointo oo in oir cpnft
npinao, the veluo of prolend on the DHIC cunt Bbo bnovn
neceicely or agltorantoly thoro mant bBo goaso oothod of
pralocding thoe balto gecuaratoly to the given valuo. A
pointcd out cnrlior, thoe Corpoue onnlicd by hend vapico
conpiCorably £roo onoratsr to oporotor cnd ovwen o dndividunl
oporator 4Ff plvca a larco nmunbop of btalto o Cirhtca, coy
caui’ly vary tho torquo ho onniico theouchoat tho %, tho
veey entcnrgionnblo faclor of hoving to roly ea tho dnilld
cnd intogrity of ra onporntor for tho ecoanintconey 4n tightnoos
of all tho nuto o3 a joint. ' Jtcnford ' lenpthseof shennerp
do not halp to eny groot cutent Locouco the vorintion of
phyoienl otrength £roa eno onorator to cnather olucop thoiy
cffoetivenons.

4 furthopr conglforation io that in foet 1t 1o ucunlly
the innpoetar vho doteminog tho final torque fatigue, Isemuco
in o9t eacop bBo will inoiot on coving tho nut just o froction
during chodsing, i:ho nat roculic con o quito anteoniching ns
chotn 4n Pig 8. Thios chovo tho torcuo te vhich 2107 DA nuto
vore tighicncd en on aoccbly. “Yhey vero londed by o alidllced
oncrator uning a * Otendard ' pronnor cnd checlied By on
inoncotor, cnd nlthouprh tho Genooicn diotritution 4o voll
oorlkcd, ond tho overandl sentor of torgquo 4o fron loso then
10 to coro them ROMun, Bolto accoobled 4n test niecos
unéep ginilap conditiens ¢o thoso in thoe ecolponent vero



Ccotod €9 falluro nd thic occarcd in come bolto ot o
cpnlicd torquo ao lov ag 70/, It vill Lo soca that
thio 40 ontrezoly drnperousy copocinlly no in thio portie
culor earo the fraetian of cny once Bsle dn the aasccably
venrdd hove reculted in 8Cp hend boing deovn dnto tho

eocproceoP of o Jct cngino.

Tho nrotmoiening of theoo tolts to tmovn oofo
fipupe vao cn obvious neconsity. Orcat come 40 ncecosary
in coppying out prolocdinp, who radn derper ig oweP
Cichtcaing. It 4o nenpcible $o Doecli o btolt at the otort
but 0Ci1X vopco, 0 ernc: may Ut inibinted valch 4o not
dotoetcd atAﬁhss t4co a0 whidch cacn dovolenp Shronn
Potipuc.

To=lday the Cogt widorppeend nothols of control cope

tho coocuring of

0. Clonpotinn 8.0. tho differcnes fndatiolennth
concurcd Boforo cnd after tighitoning.

be “ho cnglo of tho nut tum,
Ce Torque vhen tumiing tho nnt vith g €orguo vexcach
0

Cat of thoro tho enly reoliy cotinfactory ond
dopanioble cothod boing to coocuro o cetengion of top
Sichtoning. In tont cacoo, bovevor, thio cothsd io
in~ogoiblo to amly, Auc to dnpccccoibility., It 4o
apoylienbleo anly vhore bath cads of Tl aro accogoibdle.
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"hip Lo chtcefly coployed 4n Adperafd nrofuetisn vhere onch
cvery Bolt Lo Cichlcned vopy nreeicoly,.

Ladep coppln cireinotoneso thers chort thic: bDolto
aro ucely 4t 5 popoible Go 4pill o rall kolo olenpg tho
0ido of tho BO1E, A thin pod Uhich 1o pocurcd ot thoe
threeled end of ¢ho bolt ig incorted fnto tho holo cnd
oacaincd at tho othor cad %o bo finch vith tho foco of
tho heedes O0n poconbly tho nut io Sichtencgd untill tho
Dole ntrotohos cufficicatly Co drov Ghe ond of tho pod

Bolov Cihe curfaco of the heed by o enlcalotol grount,

Tntepipl defornglicon undre lond 4o alan uctd in
tvo other copoge (DC of thooo cznrdots of dnoceting o
eindepl vochep botveea the nut cad plofa vackers Jho como
1o comproonad o ooseohly until it Sn flote 0 nltomaoto
cothod 4o %o uns SUo vachern, o thict eno rupreundcd by o
thin cnoe Ap the mut 4o tishtonod tho innce vachep Coforcs
until L6 10 of tho neoo thicineno uo tho cuice onc. AG thio
peint it dbreoten inporciblo to tumm tho oator varher, 72nd
Dy céjuoting tho rcdinl thickacos of tho fonce vacher, thin
ecn B nado €9 cccur ot ¢ prodotornined Blt load. ‘chorn tvo
Dothodn cacure only thot the mut 10 not sloe: cnd do not
munrentes thnt the bolt 1o not ovwcr lopded,

r-r:‘:r- ‘.'r-:, - :-1 [ 'SR
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L8 penato loeations vhoro roucr toolo, o1illcd
lpbour, Sorcuo urcnchen ¢8eay apPo canotizog not ovailobdle
@ in ptmictuapal corncetiong vhero uco of torauo vecneh
bceosos wacceno=inicnly a roed rolinble rothod 4o to bo

uced 9 proloed e Lollo Co on enmroxmicoto £icurc.

Eee——



In 050 'pe tedeithiday NoconPC) IMainccy, of
Azoriern loecloty of Doilrocdn coafuetcd o lorgo nunbor
of tooto Co Golicrcine 4f Cho anuobopr of Lurag of the nut
esuld B2 uced ao the eritorica for btolld tonoion, Tio
togto covcped Tolts penging €rom /67 o 141/0° fn dine
uging loodnptod oateoricl dravn up tight vith tho A5¢lI=
H3G5 bolto uscd oo £itting up bollpge e found, for pll
dicnoterse that V0 tuam €von o ' Linger tight ' poniticn

nrofuccd the oinirun Bslt toncien soquirad by anceifieationg

i.0. £D ¢o 007 of piold logd of tho tait., o olco found
that £ ¢o 3 tumg vcre pequipcd O b tho Bolt or
otrip the thrordss 1'0 reesszonded that thlts bo givea
onc full turn of tho mnt froo ' Lincy tirhtmepo * in

ordoy o bo nbavo tho ningmyn Sonnloen reculdrcd in otructupal

Jointn., In IBEG, tho voeoaren cocuncldl of 0005, 40 apueadizn
D ta tho speeifientiono, anrovcd ono turm of tho nut fron
hend Cicht roodtion oo o entiofactory cothod of tonoien
mévbl. In cll of tho gbave 1t chould bo noted thot
tumo oro coooured fren t-it-o finpce op hend ikt pooition
cftor the steol curfnecs have been drovn torcthep uvith
£it8ing un Boltc.

Bothlcehen steol coonony nointed out thot it van
not npaeticol U0 uce finsey o hend tipghtnoeos oo o poliablo
ctepting coint for mogcuring tho coount of turm,. Leenuco
of tho offcets of Gcate ond dirt cecammloted in throclo,

1% vno Q1ff1c3lt ond Cicc conoundng o dcternine o hend
St pooiticn. lupthermmoroy sotrol orceloro objceted Co
tichtcning bolte by hend vhen thoy hed dcpoet vecacheo
ovalladle to do the ver:, Jhe nccd for catnbliching o
better gtarting peint for Linal oleCesing vapd clcarly



APCoP puncrono omoriccato, Cathlichen Aowolonod
o Tume-pfaiut Hothod vhich vao prowd to o onfo, proctical
cad ccancnicole Tho BoiGo aro fmotodlcd vith tho auto
ptartod cn o thrcad oF o by hoady thca opin Cho nub
dotn CLCRG, uoing tho foHnet vECned oo o nul wmnop o
o'cwmap' esnditisn. Tho Coot g0lolablo otorting point, Lo
Deacaping tho coeunt of tupn, Yoo found o Bo thlo !caup’
coniticn, The * g f pooitien 4o noturalldly Cighter Shea
o hend GAcat pooitiong thoroforo, lopo cdditionnl Curaing
ip peguised to Uring (o Dol € 450 pronop Gonofon.
uocpsao Splod mang cwsved that ho oot of tuiny rogutsrcd
£ro0 $ho g pooitSion varico fgen ¥/ ¢ 070 tura dopending
¢ LrdC dicmoSor cnd grip caple Yho commt of tum iAnercacos
vith tho fsercnso 2 crip of tho Bylt,

I ooy B el hepo Shat eno czonlote Gusn deoo
20t gav0 tho LolC o oloca~nGiza counl ¢o o pitch of tho
Dol Chrcad. Tho actanl cleapntien 4o leco then thip cad
ALgCoro canpidorably for ndividand todtp. Tat encod “ho
Lol¢ yloldop, tho curvo botvecn clangaticn vo docd Loec2noo
cenoi@orobly £lat. Thio nocas thot oven 49 ho oleagotien
protuaced by turalng @ho aul vorioo vithin 887 of coro in
this rearc, tho closping forpco vopicn only by oboult 1%.87
0f tho 0087 yiold woino dopending cn tho chapo of Cho curvo,
In other voming cneo plolding oecarcd, wordatica 4n caglo of
Poonticn of Cho put would not infiucned ofrnifiecntldy ho
Cictagp £arcos

Dy tihtcatng o nut e o Bt o o dofinito torguoy 4% choild -



poooibilo o produco o lmotn Ccnclon fin tho boit. Thio ¢oa

o ochioved by uoing on ordincry oponnor b o opring

balenco. e thio 40 o cunbarconio rad potontionnlly innccurato
nothod, - Torguo vrcachoo havo thoroforo Locn dosicnci vhich

are vidoly ucst in ooy nduptrios. Boford thoy eon Do usody
hovovor, tho rolotionchip cuot Bo fownd botucca tho torguo oppld
Co tho mut cnd tho ¢caoien thigh 4¢ profueos in tho Bole,

It L0 thooraticnlly poooiblc to dotorninoc tho Digquo
pPeguirod to profuco cay écﬁgan’cﬁ Bolt protcapion in Coto of
Bolt dicrentiens cad tho cooff. of frictica botvocn thecedo
cad tho aut Soopinp focoe A 0intlon hap oca glvca ea pago
Hovoves o oicplo rolntien 4o * |
Tightening Torquo © Torgquo ooff. T Ealt lopd T Noen 64c of

theoeds

A cotenly necoptod voluo foP tho torque cooff. for
8py curfocon 40 0.8, A0 4o oftca tho cooo, warlation ouca
ao thip lopvoo tho rolinbiliCy of o pupoly thcoraticnl
cppronch opcn S0 quootion,

Boeguoo ao cuch an €00 of tho vorkt domo by tho
opopotoy thilo Sipghtongagp tho mat oo DO loot in frietion,
4t vill & anproeinted thaot o variotion in tho cnoff. of
friction oF dn tho pefiug of contnot Lor oither palr of
Dating curfocos vould profoundly offcet tho romitme tCanden
in o il for ono voluo of cprlicd tosguo. Daeauco tho offocts
rodiug of nuteto<iadior curfoec L0 grcotor thea Chat of ot
cnd tald threndop, cay Anacaurocy in 4a cenufacture of mul op
vachor cuch ao loc: of flatncoa in tho a)oud:wa facong vall
havo o esacldoroblo of oot on tho bBoldS londs I¢ 40 thoroford |



cdviooblo €o producc g nut vith the coalloot poonibdlo
offoetivo contnet podiuc. Yhio 80 dono by providing o
fccoon fn tho bonping orco of tho anut rn€ hoed co that
¢ 1p rodueod Co o noProv PiNg.

| Uith oo cueh uncortointl, it 40 not poocidle
€0 upo ﬁho obavo polation in 'pmtennxonmg undaey oll
'maztaena. Hond Sorgquo vepcnchoo hovo to B cnlibrated
for onch lot of Polt ot onch npplication to dotoroino tho
corroetC Corquo-tcnolen patioo for that apmliiention. (Iony
©0libration dovicoo howo bocn dosipncd cad rnorioted.

- Bothlchen corpony tadle o enlibrating dovico vhich
ecnoioto of o holdloY pPe eylindop jock of GO ten eopnelly.
Tho yoko thich pulls ageinct the ron o mided by o
cubgtentinl £rcoo vhich Tooro agninot tho eylindor cnd by
forquing o bBdl¢ hold Botuccn tho yolzo cad botten foco platoy
the Joer 20 caovpiccd bY otrooo 4n ho bLol¢. A hydroulic
Gouno reading totol lood, indicatos tho Bolt Ccnodon dircetly.
4 0inilar dovico by cnothor £4rn vao naritoted cnd chotm 4n
Pof OPCACO,.

Tho eslibrated vecnch Dothod vno uped to Sirhten
povorad ndllion hih otrength Lolto all ovor tho vordd cnd
Yoo cuceopoful oinco fovor chiillcd oon ovo rogquircd te do tho
vorlt, It provod to bo ceanociesl cad Practieal vhea tolto
oa o job voro tzain.ly of ocono dicnotos cnd opproninnloly of
0c0 longthy thup rogquieing only eno torquo tonolon rotic.
Hovovor, AC bBocond quito fopractienl for jointo roquiring
difforent pdso bollo vhieh Cocnt odditional wrenchope TO
ovoresto thioy o nﬂ&untnﬁle friction clutch éov&co yao
dovoloped vhieh eould Bo apniicd to tho opoet vecach uoing



o> procoare Loticen veoach o the codicte R0 clutch
eoadd T cdjuntold o olfp ob prooeribted torcucs d vgalld
told ﬁﬁ# cl8nc=ont foirly volle otowcry 40 cfdol voignt
o tho nover ood ¢l 48 cico prownted its usc in cloce
Lot Tasnivadnio

Tho ody 000l UImmufoctnaropn hove cltudicd thip
problea cnd Rave dogoloped o Tatlteis coatrol vecach,
vhich vtgald cimt off olip nyocoure ot opcelficd torcucae

AT T TR

ko vardenn $nTootirntorg Bave Oric? GAffoncat
rotheds oy £inding e fnitind 2028 10 the bDoit,

Doocholin ond Cooornicao vhilo toating the Deat
Cerame Tloaseo uos O G822 clorcoetor cantcd a3 o
et goage for moocuring the catcasien 55? D010 thea o
toncad Voo abiceted to Antormnal pRoosurs. SRy pul ooe
otool Dall oo cachkh cad of balt for come Uollo o 2 otood
brilo cn opnch cnd for obthor Loltoc. The cphopienl cusfocco
poeraiticd compictcnt rondingo o2f the tus bnllo vore uccd
for o otady of Londing In o pbudo uben sbporcsde. Thoy
colibrated thoce 9dlo for lood 0n o Odcon Tenpile Reolbing
Uachiro Copcgno vrpcach vas uccd 6o vavy the locd o the bolt.

Tade DDA uced cloelrvical ctvoln pougos o
dnvoctinato the fnflucace of ol GCaclicn mad ceccateic
tcandio 1locdo oo tho Bobaviong of o Doltécd Joint. o rTatced
the oftrodn gourco ¢ 0 338 chical oo voll oo o cdcoped
Dinc.



Udliae . Lileon obeol. Gotornined ¢ho Initinl
tcasion in g nunbap of rivots Ly coosuring Gho wecovOrCcnICO
in tho lcapgth of the vivoto thot oécnvﬁcﬂ theon the tensiaa
vas roliosod. 4 Dowpdcacd ntocol pim citcaded throumh: o balo
fn onch hood cnd £1tted At 80 o holo &0 tho cnd of tho
pivet chealr in ruch o noancor that the pin rowed vith tho c¢pd
of “ho chent. fThoro vas o cooll hele dm tho ontor cad of
coch pin that roceived g conienl point of the inotpr—cnt ucsd
to copcupe thoe pocovercnco of the rivot. The ingtruccnt fo
a & ~ £ecoa hoving o exnicnl poial oo cac cnd 24 o oiergoclor
din) e the othor cad, 7ho inotreoenl vas esmmteor veirshted
- g3 oo Lo ualaﬁca ¢ tho eonfdenl point i fho upnep pin. 0o
d1ed van grofucted to 0.CC0L" cnd tho inofruncnt vao choexcd
oaeingt o 3%omdord bop of top coch cot of epordingo. ¥ho
opoeircns, Stondnwd bor od notranat voro plactd ncoar coeh
etﬁe? in a cgnntont teonorntupe pool covorel hears btofore
rocdings voro Soicn in ordor to olfndnste oo fnv oo npoooible

orrors due So teoporatare dinnrose.



TORAVE VYRLICHES

Torquo vronchoo thoogolwos take meay difforent
forno, tho simplont of oll boing the boon sponnor. In
thioc ¢ypo tho hendlo 4o oodo of £loziblo patoriol, cnd 4%
vild Bo opprocictod thot tho dofloction of any point pleag
the oo will bo proprtional €0 tho topquo at tho opeonor
drivo oquoro. Thio Goflcetien 1o CoaouPcd & NEAy Vayo,
C.Be Dy 0 £igdd podntor that 1o £incd to ho opeancy hepd
£nd thoso othor cnd 4o £rec $o COVO neross o oealo. A
eon O coca thio group aro simpleo toolo rnd are on the vholo
foirly cheop.

Plge. ¢ chovp rcono dopimo of sueh veonchop commonly
ucged in Soviol Unlen. Bovict ntcondords provido foy throo
typop of uprcachop vith gdjuotaoble torque ( within 20 cné 200
6 & )

0. 8440 vronchoo
b, Pon uvrcnchos ndjuntod by onc opring
¢, Don vronchop ndjuoted by tvo opeingo

Por o poro cenvcnicat hendling of cuch vrenchog uos
ccn DO Dedo of andaptors cnd aled cdcnpceablo hoedo.

fnothor typo vhich 4o dopondent on dofloction Lor
A€o pondingo tﬁzoamron tho twiot in o pin. Thiso 4s ripgldly
oocurc@ ot ene cné@ to tho hend of tho vrench, tho vDociot
boing £inod o ito othop cnde Tho twiot of a givon length
of tho pin 4p noraidficd by o Boon incido tho oponney hcnalc_a



TORQUE WRENCHES
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snd this operates a clock mechanims, The ¢lock on this
typs of instrument may be of continuous-reading kind or
Bay record the maxiwum torque applied, In some cases
both of these facilities are incorporated,

One 4isadvantage of this group of wrenches esp.,
vhen desling with large torques, is that the 1&&"‘&; of
the spanner itself deflecta, as in a beam vrench sgnd this
leads to tnaccuracies. This fault has been overcoms in
one make of vranch by having the handle asa separate unit
from that of containing the magnification arm and clock
mechanisa, BHers, of courss, any convenient shape or length

of0 handle may be enployed,

Emi companies feel that dial reading torque wrenches
throw too much resronsibility on the operators and inspesetsrs
for general shop use, Wrenches which can m9t bs preset to
the required torque on a test-andegetting rig are therefore
widely used, Tools of this type have a mechanimm Wnich
prevents the desired torque baing excesdsd, A typical sxample
is the Acratork torgus wrench., This has a cam device in the
spanner head, out of vhich, & Toller is forced against a
spring in the handle vhen the torque on the cam reaches a
sufficimtly high figure, Fixed on the cas &3 a nommal
sockst drive peg, the spanners being available in various
sizes for right-handed, left<handed or dual operation.

For torques of 1000'bft or more, whers it bucomes
fupracticadble to use manual wethods, hydrauliec torgue |
generators are available., Thess are specislly mads %o suit
individual cases, e8,g. torque loading air eraft propeller
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in fanovation to ancombly lino proetico, vhieh givop
o covtoin dogreo of torquoslonting conniotonoy Lo tho Pacunatic
U= hunnets op porpow deivop, Thoco bave o turbino to thot
upcd in o nofanl aly oporptod Arilly vhich drivoo tho coctot
oF perov drpivor hut throurh o opeing loado@ clutch mnit,
Tho cooproonion of aip opfing con bo odjuotod to vary tho
torquo ot vhich alﬁppﬂn‘c oceuror. Ono of tho poin advantogoo
of thio tool 4o tho gront opcod with vhich larpe nunbarg
of nuto eca b tipghtonod, tat eriticnl ndjuotoent of tho
torquo 4o 4iffieult, ond unloos conpcaonting unito aro Litted,
tho tool 2o often dopondcont on tho faetory 0iP lino proocuro.

Ono of tho groctoot prodblcao vhich arico vwith thogo
toolo ip to hknov tho rolationchip bdotvoca tho ficnal torguo
on tho nut nd tho prooot topquo ot tho clutch unit. Thio
unie umon& goC by hcnd So Dyoohk o givon torquoy oithor on
PAQ oF with o torquo vrcach, Uhoa n ugo undop povep, both
tho nut munnor cechenficn cad tho nut oro teavwolling at opocd,
ené vhca thoe nuS neoto tho louwlratty 6 COPQuo Y41l Yo pppliod,
&ué o Mmm offoet, in qddition to tho clutch unit brocking
torquo. Thic nochonicn of foet vill natupclly dopcnd upon %m
mosd of caviag porto, tho gpoed ot vhich tho nut 29 teavolling
vhen 48 poots tho abwlbwwicend on tho ronilicnee of tho ooocabl,
To tho oot of tho amthoro knovicdpo thio probdlca hoo novor Bog
otudicd in cay dotoil, thouph i¢ 40 fully dnprociotn& by tho
nepulacturors of tha toolan, " Draouingetopquo® t¢hat !Ln; vhoro
tho nut is Sightenod undor con? conpitont roptrafning £oPed,
ouch oo coopressing o gpRing vao quoted by ono supplicy boing



For further study on problemss involved vith use of
adapters and the development of a cage torque vrench fitted
with extension sections and a device for ensuring constant

position and dirsction of pull, see reference
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as lov as 2/5 of the " Free- running torque™ vhers the nut has
a lubricated free movemet on a bHolt of sufficient length to
allovw the equipment to reach 1its maximum speed bafors the nut
msets the abutment, This doss iIndicate that pneumatic mut
runners, at least of this type, should not be used vhers
newuiu control of torque is essential unless extremo
precautions are used,

'.'rhcrc are many other types of torque wrenches, torque
screv deivers and torque mltipl;eacicq gear boxes, each of
vhich has its own particular merits and they are manufactured

in many countries,

As with many things in Industry, howvever, standard
tools can not bs used in many situations, and torque loading
is no exception. It is reported that the majority of nuts
can be tightaned by camcréul squipeent btut that occassionally
due to ayecnullaul.ty diffieultios ~ a prodlem vhich pressents
itself more often vhen repair work has to be carried out -
adapters mt' be used, Unfortunately these inteoducs further
complications. It was found dy the de Havilland Alr craft
Company during invastigation into this matter, that vhereas
a torque wrench itself may keep Within approxisately = 1f
of its set torque, tolerances of + 20% were 501: unusiial vhen
extsnsion section and spanner vers unaltersd, The design
tolerance on the figures quotsd for torqus loads to de applied
on bolts on the assenbly line was +5f and it was therefors
necessary to find a remedy.



For further study on problems inwvolved vith use of
adapters and the dewelopment of s cage torque vrench fitted
with extension sections and a device for ensuring constant
rosition snd dirsction of pull, see reference
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Ao Giocuorced Boforo, tho depece of tightnoop 4o
conpictely dapcnldont en the judpeocat cad onnepicneo of the
Bochenfa, IC 4o tho £o0l of hig head that oochtoo hin judro
tho Qopreco of Ciphtnooo. Tho Sorguo opplicd by hend vorlos
conpidcrably £ron oporptor €0 oporntor cnd tho of foet of thio
40 npdo oW vopco AL the Dolto oro Co Do gooeobleod with
aiffercat oooldfng o WDPRLcating coonsundo. The o of
cpennep ueed in Sichtoninp cay ndcs hovo o pronouncced offoet
on thip, %ho ©ing cad bon cpeancrn provido nopo porfoec
grip of tho mut cnd co chisuld S4ichicn Coro an esonarod  Co
othor cocancrpg. The oncrator £ooin ©oro ocfo vhilo uvpiag
Ping cnd Loxm oponnorg then doublo cnd cad cdjuntableo vraach,
therpo Dofng no cheneon of oncaine? glip 4n Cho Lornor enco.
Cvcn o0 dndiviénpl opopntor gidvea a lorgo munbor of nuts o
tigntcay ooy cooily vary tho torquo vhich ho opplico throughe
out tho mun, JCcadord icngthe of opopnore Bay not holp te
cay grent ontent Doecuce tho voriotion of phyoicol otronpth
froo cao oporator to cnothor roducop thodr offoetivenoco.
Lopepdcaco aleo caovo that ¢n avorpogo vorkoon in Cightoning
up o B2ty noyo 14¢C1c hend Co tho proccuro tho joint hoo
o oftholen@ cabocgucatly tut rogulaton hip offort coro oF
lopo according Co tho olfso of tho bolt,

%o invootipnto thios probdblen 8o onporimentally, tho
tho follovinsg Cypos of cotoon corereiolly ucoé@ gheanorp
aro comloyed horo in tightcning tho boltots



3. Doudbloecad oponnop
2, Ring opennop
3. Epx opennoy

4, Adjustablo gpennceg

Thoco opconero of otendard 0ioon no cuppliod by
tho ncnufocturor cnd thoir dicontional dotoilo nro giwa
in tho appcndin,

%0 ptudy tho cffoet of tho gino of tho bolt oF valuo
of initinl tcacion, tho Lfollouing roproccatativo pisop of
tho bolt femily aro goleted for tootings e

$. 1 inch nondnal dicnotor
1. 3/4 inch nominal dicaoctor
A1i, 1/2 inch noninel dicpotor
iv. /4 inch nomfnol dipcotor

It 40 €018 that bale lenpth hoso pott no infinecnco on
tho ini1tid) tightoning lood, cnd o no offort haos Boaon oodo
in thig divcetion. '

Zo invootigoto tho offoet of gpemnor typo cnd Bole
odco en tihtcaing, al) tho foup sizop of bolto aro tirhtencd
uvith oach Cypo of cpoamoy by ono sporator. Ench oporctior
vill ocko 15 tichtoningo. €Cualdtotivo ao voll oo quoatitaotivo
tnodynio con RO npdo £ron thoca obcorvationo.

To dotormino o wolationchip botvoca tighteaing lond,
bolt 0180 cnd opennce typop vhich wAll roproocnt brondly btutb



racsachly, the tholo noencalie population in tho couatry,
o vory lorgo nunbor of wochonics fren tho voriounso porto

of tho csuntpy chould bo tontof. O4ined ot thio concat,
tho naturo of tho otatiotienl distribution qurto of
£roqucacy vos doviotien £ron NDoca voluo ip not imovn, the
ganple volue vhich vill tmwoly soproccont tho population
oonnot Bo aoeortoinod. Tohidng ovolilabilty of tioo ot tho
cuthor® o dippocnl Sfor thio vomizy 4¢ Wao €oeldnd to 00T
noarly 100 oporators ot variouo voriichopo of tho 040y vhich,
4% 1o hopcy wildl piuo poacenablo roproocatolien of tho
populnticn. The vorlichopo vhoro tonlo aro eaméuetod oros=

0 Univopolty voritchon including oporatero £rom varicuo
Anboratsrios.

P Ccatraol Duildinp Roconepch Inantitnto vorlichon includding
obruactural 4ivinich.

€. lilicapy Uoxizchop of Bonpol Dnginocring Group, Roofiico.

Tvo Sypon of bolted jolnto orc ooploycd &n p:*actaéo
for difforcat opplienticno. Thoy orose

s Ground op Hotol to llotnd c¢ontaot Jointo.
2. Jointo vith Lloniblo paciotoe

I o Dolt foofcap two porto vith g flonibdlo gociod
botvecn thony o caollor offort Ao apndicd 4n ordor noC Qo
crugh tho gockot cnd £ho faiticl lood vS1L Bo cuch caollow
thea 4n tho eacd of ilotnd o potinl contacel joints. In tho
propcat éoaung only ootnl Co notal contact Joint 4o caploycd
oo thero oro innuoopgblo veriotico of gocizots avoloblo in



Who porzot vhich poshibie tho topting of 1otlor Cypo of JoinG.

Iabrication hoo o proaocunccd offoct ¢a tho tichtoniap
WPQuo. Lo 4C S0 dopirablo to lzcop tho ¢oaditien of ubrientica
ot throcd carfacop, Uotvoca aut cad clooeat eantoet facon ond
botveca Bolt hoo@ cad olczcat csatnot focoo Sdcatienl in 013
tho tooto to Go‘i’.‘ cenoiotont tooulto. 0 Lypo of lubriccal
nlco varioo tho rocullo. I8 80 A4628cult o cantrol tho dogroo
of lubplenticn ca@ olcop 46 10 not vocortod Go 4n plomoot il

tightcainno dn notual peoctico. X wop Gocided o Gipatca
tho bito dey.




HMoocuarcacnt of tcnplon load fn tho Bolt 4o coot
ioportent in thio Sooting. Tho oecurocy ap woll oo officicnoy
of tho progrommo &0 povesacd by tho choieo of o caltablo
Dothod, Tvo poociblo SCommiques of CaaLuroncnt afote

Lo Blcootriend
2, tlochenien)

Thoeo owxo dliscuscod Bolov in Aotoll aleapvith Chole
Folativo cuitobility Co tho propcat tooting progyocil.

Shig tochmiquo involvoo ¢ho uno of oloetricnl ptroin
goupote Tho otrodn gougoo oro £4incd on tho bolt cheak op
tho elenpod clcocat rad tho oteodn on odthor £o noted vhilo
cerotrdng tho mut, Thig otroin 4p thon enlidrated opoinot
knotn oniol londg. 4o otatod abovo thoro aro tve vYayo of
uging tho gtvain gougont =

0s Otepin gougeo on Bolt chonlio,
b, Gtratn gougos on elemped oleoeatoe

Do

In ¢hip tochniquo /jmo ptrain ongeo oo poaotcd ea onch
Doit with thody loagituldingl aros porallcl So tho bole onfo



bt e Giccotopdenddy oppooito 086on, Ttvo poupes oro uocd

Co nullify tho offoet of boading otropng AL cay, 2o
conomrcocat.  Thooo gmugoo aro esanoceted in tho oppopito

8500 of o depcueo brideo. Tholdr cutpuld oo conocd by tho

for anind lond 4o Goublod Mt for Bonding olroos 80 GORO.

Thooo poagos oF0 Saccaoitity o torplonol otronoog. ¥ho

othor tvo awno ¢f Ttho dridpo con Do oy Gumay ogual FOCApoREI0.
Tho unbnleaecd voltnpo £ro0 tho Bridpe 4o fod teo tho otroin
indicator cnd notod tho Coflocticn Lof varfeus SAhSCaiNGs.

Zho nont otop 4o Co calibento thoogo Balto, Vor Chioy
Bolto o0 compght &a o enlibontien vig oo chotn fn deroviago
attochicd oné londed Sn Ccaofen ia tho Zcnollo Yooling Hoching,
¥ho offoetivo lcapth of todt Jonded cheuld O Ropt somo oo
in getunl tooting. The load ¢n tho diol for varfoup dofiockion
of tho otrafn inélcator oro notcd caé o grorh Botvoca loné cnd
doficotien 40 dpovm. Thio givog wo o colibrntion eurvo. If
01l o leo oro 0f Sho o0 oipo ocad opoeificationo, ¢aly
fov mocd to bo togtod Co dpov tho enlibration cuevo,

Por oneh Dole Co B tirhtenct, ot 3coot two goapon
ore Foguircd, Ecring tho nunbopr of tallo to o timtoned 4n
vicu &0 fp poca thot o Anpgo aunbor of obepin goupos oFo
regrircd thich nozon Chio nothed enpctly cad co doprooticoblo.

Tho nbovo difficalty of procuriag a lorgo nunbor of
ptenin gougoo eca BO pnptinlly ovoreots by poonting tho otrain
feupos ¢a tho cloped blodk, Sho blodip oro medo of cant



&
Ve
1 ﬂ? \
B 3
\
.
P
N R
£y
. .
w Y
N
R
=N
i ;
' 14
w,a I ORI — —

; -
Nt >
* -
P
. “
. o
i
N AL
4
g ‘.
P :
7
)
e S
: Ry .
| e

kS
- -

o UL

!

{/

.
«

+

7
1L



irea cnd hovo theourn Boloo for thoe olto cad porailcd
Dachincg cad curfacon Lor o coating of hond of Tolt cnd
ntG: %ho goucoo chonld B9 oo poor tho bBolt ando ao
pooodblo o ocaco ninicen of bBindinp obpoco 6O Dlodhk, AK

ey Guo Co peccatvdc looding. Tho eledped dlock 4p nofo

in o portop ono having tho helo of ucunl ddcrator vhilo
tho holo in othor bao dipeor Gicotor to o eortadn lcagth

a0 chowde, 8paedy L0 oled provided o Scolto sut o locdo of
tho grugoos Hovowor Co avold this cntrn nachining teoubloy
tho ptraina gougoo oro put € cudor carfocs of o earofully
aachincd cad centeolly Ardlled ecad pocced earrcel holo Blodk.
Tuo Qougoo oFo put ca onch bloct povalicl o holo oo but
diocotricolly oproodto having ¢rcaovoprco DMdeanoo Sa eao
ploac, Thooo gongon of ecnnccled fn o degompo Deidpo in
oppordto oo cnd cutnalt £cd to tho ntroin &ndientors Duo
to tho loppo otrooco@ grog fa cocproncion, thoro 7811 Lo wory
184010 dofloctlon of dlocx in cooproonfen ca€ oo lons cutpud
to oteain indientop, Tho otrnln gougoc owe pastod en Louw
blochigy cach for Gigfercat Lol oiso, cad £o ealy B grugeo
neo roguirod,

Ginex the Boit otwdsh 4o Sopcadcnt oa oo oeay variadlog
vhich orc QRECACUAT Co emirod, 4C &p thourhd that ¢tho
Coplayccat of wory accarate nothed 1o tho oloedrienl oao
io unnocoopory copcodolly whca o lorpe stotiotienl 4nts 40
%0 Uo eslloetod,

Dac to otrotching of tho Bolt vhale tifhtoming $hovo
4o o €ofinito fneronno fa Dol lcagth. Iny Codacniend



imptsuocat thich e coamro tho éheage S8 Acagth eca b
canloycd, M ontonconotor cad a tcacosator Which givo
chearo dn icigth ond milt oteain Yoopoatively o not ueod
duo Lo counting GALLAcudly of tho forcor md tho inttop
Boing not holpfud éuring plootic yioldiag of tho Loll,

I condopt oad £olrly oecopolo cothed S0 Uo dotosnino
tho céhcape dn ovopall icanth of tho bDoldl vwith o olcroncior,
4 Yornfor ndeponotop of prare £850 3 4nch o 4 nch cnd
hoviag o 3onot coumt of 0.0008 4nca 4o comdosols Tho lcapth
o€ anch UTolt Boforo cad oftop 40 Lo S4chtsacdy &0 conoeod
cad tho difforcaco of thoes givoo tho oltrotch Gurlag tichtcadag.
The aczt otop 4o o Gotormiao Cho Scacfiey 4 tho boll vieco
cleagntica vo Imote. %Thio ¢ TO achicted By Uo vaynt e

3, Inolytiend
2. Cnlibpotion

Aoouoing that tho 1S hoo not Bica otmooced Boyond
tho proportionnl 1204¢ vhilo Sightoning, tho eocoea 8Lrooss
OCraim Pormulo ¢t B0 ovplicd € €ind tho lond,

4l o 612. ¢ 43



vhoro 41 o otol obropvod olmgui;ﬂmﬁa of Dall
i_ o icagth of wmataroeded chcall

1y o offoctivo locded lengty of thronded portisn
o aPcs of chcal
A, o offoctivo Chrocdcd aron

a
F& o Ucaolen lond
Co &€ Oy 3.39 3‘13" ﬁ:a.” &a oro hnotng Fil ecn Bo Loradl

ol onofiy.

If tho natorind hao goae bogend Cho propertisacd
08¢y own i 510 Toll locl oo O Lovad el onoldy
provided tho CGoooeClrain carsy of tho tolt ootorind 40
availinblo, Hoeviag o oleagnticn cad Alorcationo of Bally
P q o o caoily eolcalntod,

ho Sroublc horo 4o ¢hal 0Croop=0troin cupvo uccd
obato oy not B tho Smuc pepPoccrtoticn of Gho Boll catorlod
bohovlop éuo Go vnpinticn fda nothed of prococoing tho bBallo
caé Gopt opoelncan,

0 pajor dpavikac vath tho obaw nothed 2o absud
Sohking tho vnluo of B 1¢ 4o nol conctoat owor tho icagth
of Mo otfonocd poetion, tho dlemotor ol cheali Boldng GAfLOHY
£eecn ool Alnnotor ol o Chronded porle. Thip Socublo e
bo ovadeod by odthor retueling tho Gierootor of toit cdhcnlz cad
oo dng 46 ogual o root dlomotor of tarcecd op relifag (o
thrceded particon oo cInll ao poooiblop hoving A4Celo &nfiucnco
ea ovorall offocts Tho Badto of forrop CFPpo OFP0y hovotory not
uced 4n gbruetusoo cad in othor coran anplicatiens vhowro



imnact loading 1s not encountered. The latter remedy of
Making threaded portion small is followed here in the
pressnt testing, Not more than one or one and g half free
threads are sallowed at nut face,

The 4igmeter not being uniformed, the grip length
1 as 4t 48, can not de uged in esleulations, This has to
be modiftied for dlmur'nrunon. However bty adopting
the same proesedure as suggested above, this can be minimized.
The uncertainty of load distribution in mut, dPending of
threads and stress econcentration at root also lead to inecorreet
resillts,

2., CALIBBATION

The simple and accurate ssthod is to calibrate the
Bolt for known loads, A relation betvesn bdolt alongation
and load {s found out sxperimentally but sccurately on the
eommon Universal Testing Machine,

The btolt and nut having the stressed portion exaetly
equal to the length used in testing is put and adjusted in
the calidration rig, specially designed and fabdricated hers,
The Gravings are attached, This ealibration rig 1s mounted
in the javs of the testing machine, No prstengion i3 given
to the bolt, The machine is run and bolt is loaded in pure
tension. The load is indicated on the dial at the control
panel desk and the corresponding elongation is msasured by
an extensometer mounted on the pins of the ®,s, strips bolted
to ends of the bolt,



L8%op cn occavnts o cotisfoctory oot o curto
Botureca tho lecd cnad clcapntisn 4o dpotn,  Thio pgivop
0 08cnGosd enlibrnficn Ciptd. Xf all tho Dolts apo .
Alcncnoitanidy co voll oo cotollupgicolly Adenticol, ealy
foup capvog, 6 for cach odoo LolS oro dravne

IC ooy o notzod thoeC chcage &n diccotor, noturc of
load Ciotrpitution fo nul cad otpooo eccnccntrotisn 08C.p hovo
80t Anvolucd cny cecnliilcatlica horo, Tult 4D coy B9 obrcorwad
that od2 ho bolte of coch olpo aro to Lo pooconnblily
iécatiecd An il reopealoe Tho dlomotor of DoIC 8p 1dnited
vithin plag ninuc hodf then. o3d offert 46 codo o hoep tho
throcdeld leagth oo voll o Sotod 3cagth ceco for oli, o
coacliotcaey of patordcd rmd noocoesfng o oieo hicpt unlop
eoatrol.

In théatooting, calibeatlicn cothod 8o coployod,

Dntcacion Ao dotorninod vith o Veorader olersooter of eoago
£fron 8 inch 0 ¢ Anch rad hoving o lonot comt of 0.0801%,







After th.‘ apnroach to the prodles xirm;u.md
and the testing procesdure is formaliszsed, it is nov the
suitable design and fabrication of the test apparatus vhich
is to be looked into because it is the latter vhich makes
ths programme successful and not mers oral plan, The
aceuracy of the apparatus depnds upon the sxecution time,
the scouraey desired of redults, vorkstop facilities available
and last Wt not the least the finaneial resources,

in the present programme, the test set up consists
oft -
&. A nusber of holts of different sises.
b, Elements to de clgmped.
¢, Tightening device « Spannars,
4. Meamuring device « Micrometer, Universal Testing Machine,
Dial gauge, Extensometer ete, |

As stated earlier it i3 no¥w generally recognised
that approximately 90% of applied torque is absorbded in
overeoming friction { 50f under nut dearing facs snd 40%

An threads ) leaving only 10§ of torque available for
conversion into clamping foree st the joint,  This friction
factor is effected significantly by

1. The materisl of both the fastner and assembly components,

4a s e e S - i



111, Washer end Nut characteristics
iv. Condition of threads
vs Finish or plating and fit of mating threads peculler
to specific design situations.

To visuslize the error csused dus to sven slight
change in friction factor, consider a Dolted assemdly vhere
1000 1lb~-in of torque is applied to tighten it firset when
bolt threads are 4ry and secondly vith glight lubrication.
In first case if 900 1b,in, is consumed in friction, then
only 100 1b,in. 1s utilized in tensioning. In the gecond
case, due to lubricstion, say 800 1lb.in, is used in friction,
then remaining 200 lb.in. is used in tensioning. It is seen
that for friction torqus to change from 900 1b,.in, to 800 1b,in,
the tensioning torgue has increased froas 100 1b.in, to 200 1d.in
that 4is for only 11f chenge in friction, thers is 100% change
in resulting tension in the bolt, 7This stresses the mcd
for keeping the conditions contriuting to friction consistent
and under propsr control vhile testing,

The design consideration and their reslization in
the shop are dlacussed here in detail for each of the atove
mentioned test components,

BOLIS AED NUIH

The dolts with different types of threads ars used
in practice Mut the most comnonly used one is ¥hitworth
thyeed due to its strength and favouradle stress condition

at thread rant. Hanca the m114 stesl hnlt aof warisus sises



nd

tat of 03U theocds arc cnnloycd horo fn tho toptiag. Tho
phyoical proportifioo of tho bBolg cotorial oro givcn in tho
OPPCAALn,

Tho icagtho of varicnn bpdlo gro @oelded tehifng

Dencupcacnt tochniguo into eaasidorntion. Oineo, horo

tho Voraicr ndersnotor of roago £von 3 fnch e ¢ fach 4o
ugod cad Mo qacatity to b coocurod Glpectly o tho DAl
olencotion Guc to timtcning, vhich 4o proporticant Co tho
BPole icagthy tho icagth chonld B2 oo Golicn that tho eanneily
cf Ctho cfcronoter S0 utilloed Co the fullopt. Leapger GO
Role, larper 4o oleapgntien cad Ropnog Wil bo tho porecatoro
orror &ntro@ueod fn Dogourctcat. Thip eca By cheta canlyticoldly
Sayy 1o DAcpocotor bBoalt lcapth o é'f' |
ITaeronotor lonot cound a Q.0001%
Teking Lol ond curfocan to Lo abepliutoly popollol tho bolt
longth eon Do rond oo 3.CCSD fnch o2 84,0001 fach

I£ 2oto of bBolt oleagntiea 4o 0,001 inch/inch
Thon olengotien © 0,004 inea

Coninal Bolt lcagth of top tigatoning o 4,004 fnch

. ¥hig emm Do voof o0 4.004% fnch or 4.0032 faca

Tho probablo voluos of oleapoBica oro |
0,0003 « 30880 © 0.0048 inch
Co0OTD © ¢o0001 o 00037 iach
Hondcun orrop 4 coprumcncat ‘
o o 0,000 « 0.0023.c 0.0004 fnch
1
fogo orvor e ,:% n 300 © 307




I£ tho bolt lcagth 3o caly c¢ao neh

Thea cleapoation » 0,001 inch
Sape orroy a n 00 o A07
R *

€0 3% 4o poen that by tehing onnirun poooibio icacth
of Boltn, tho opror 6uc to moacurcncat eca U0 ruch peéuecs

In tho Proocat vorls tho badto of % fach, 9/4 inch
o3l V0 fach aro fndo uﬁpm::&t:aﬁoly 3,13/33 &ach leag e
/4 Anch Bodt, D6 Inch Aong loaving tho pemofndng vtiliocaoblo
copoeily of pficrorntop for carnlativo oleamﬁaén { mmcmebk
8 c3eco00avo Lokt RAGAECAIngs. | |

Zo noocuro tho Rcuth corpoetiy Cho nilepanotor onindloo
chould touch o oono painl ea ol cnd mirfocos ethoryico
lapro 80 oeccurcelon wAll ©o thoro, %o acilovo this objcallcd
threo Dothefo ecn bo Opiod, In tho £4rot, wo‘ gtood Ballp
oro £izcdy eno on onch oldo, ob tho bolt focop, Twvo esalcod
Ccovatioo oo nndo ot the facon mmd Dalip vodded opo Broocs
"hichovor 40 eeavenicnts In ¢hio only point emtosl fo thoro
Botvoca tho boll cad the opindio of tho nierocotop, |

xza tho goesnd conay caau mma haloo oo Gpalicad
s tho c:ado of tho UadC tad %o Deo. turacd ping vit cao
Q8 cphorienl ad oo proos LAttod inte tHho holco, tho cphoricold
cnd prajoeting cutoldc. %She eatoet bBotvoca tho pin cad od
Dicrenotor opindlo 80 O0ntR POMNt caataols X% 40 PO3G Chat
rixliag holoo in tho cadp of tho Bolto waxl oeho Bﬁca ol
cmoedally tho mmollor 68c. LolSo caé co thio proctico 40 nob
ndoptoad, |



. =7/

In thoe third caco tho bolt ¢ad facco are nachined
porollol to onch othop vithin ca anecuracy of 00,0001 dnch,
Thig tocimiquo hao beca afoptod howc.

Zho aut Laco cnd tho bole heed Looping curfaco oro
0 B0 porrallol tul porpeadiculor Co ho Tadl onip. Lwa o
to0ld doviatica feon thig will lopd o covore bonding obrooooo
in tho bodt cnd esacuno o pord of Cho Giphtoning LoRQUO,

Othop dicrrnoican of (ho Dalitoend autp oro chova in
tho Goovingo attached,

I onel bBolG 4o fo Lo CAACcnod oneoy, thea for 0
vorliopo ¢o bo tootod, ot lonot 3660 Lollo ore sogquived nocuning
anG thore 40 no brocliagoy Boeruso onch vorliicy 4o Lo Bidtoa
Lour Gifforcat piooo of bolts with four 43¢Torcal Oypoo of
oPCHNoPsy o total of I8 LArhtoningo onch, Hovovor A0 vno
found by invootigatorg thalt 30 TP throndo (WIC & B3IV )
‘voquirod about tho oo Corguo upto gbont €0 Sightoningo oftop
Yhich tho torqucafor UHC vore gerovhot lovor thea DIY, olthough
o clcoping londo voro ao hicdhy cad tho munber of tirhtcaingo
Co €alluro groantor then for BT,

I0 40 fouma £red pbove that tho oasd Balt con BO wocd
offoctivoly fm topting foF o nunbor of tightcningo. IO von
Qoesdod thot cach Boit of cno inch cnd 3/4 ineh oino chould
not Bo timhtoned poro Chom 20 ¢imon cad /8 fach cad 34 fah



ooro thea 8 Gicog. Tho punbor of Sichicninpo in pofuecd
for oonller Bodto Bocomeo thoy aro Crogquontly Sichtcncd
bayoad yicld pofnt lcaving o porracat oot s tho bolit,

1 inch Boito o 20
3/4 Snch Bello ED
3/8 fnch Boltos 6D
/4 dnch Boldtoo E0

I% vap aot pooodblo Co procuso tho BAGo of hoco
cpeeificatican fa the CaFlict, ¥ho BaACo avolloblo aro
cormoreind Dlac:s Bolto eold Lormo€y dncanolotat in Aine
oo voilld oo 4n thoond £4C, 8o foroica tachinoe Beldto oro
ovnilohlo, tut ho roguircd gqueatity im obowo olnop cad
cagtho 40 Aot owndloblo B ono o0, Ocesadly thofw oot
prohibito thoir uoo for tootinge. Bo 4% vao foeddod o o¢
thopo Paltn tofo dn tho Talvoppity Vorlichop vhoro procioiea
voslidng lathos cad f18llcd cachinioto oro cvoilaodlo. Hovovor
o nochinodp polichod But procioiea nuto of Tnglich paho
oro pureaocoed oo 4% voo Sfound 4ACLAeudt Co nohio thea to clocn
Soloreneos An the vorichop.

Tho Bait 4o hot forgod Lron eivculor nild gloold Baros
0 vppo cacawed Shot boro aro £ron cno ot cuppifdcd by tho
ceatenclol, 7Tho ol heod Lo forped to 0icoe Thoy oso tachincd
cad thronéod en procioien inthos cad tho cad focep of tho
B210¢ aro pgehdnct ea bighly proeico intho. Tho dirnotop of
Lal¢ vno lopt vithin ,,é 0,0008 inch cnd porpliolity of cald
facop woo kopt vithin 00,0001 fach. IS vaoo Ancpootod by hoirhd
4801 gougo oo 4o chova horde



e

-

-

¥

o e o mae



Thopo cuot bo comothing ocolnot vaidca tho B30 80
%o o Sichtoncd. Ofamco S ho proccat voblt ealy ool Co
Dotol Joint aocccobly 4o o BO Gookody Cho Dloch ia eao
pdoec 4o ondos  Tho ootoricd unod 4o enot ipea Guo to &G
Polotivo copo 4a moulding So chops ad ﬁ’i}ﬁ&ﬂiﬁﬂu Ia peootico
bolso oro nounlly tightoncd opoinpt caot dren.

@™o lcapth of bBloc: 4o &acidod o Oclio nonfeam
cdvcatore of BolG icagth. Dolt fapfdo tho block ealy Ao
otrotchofs A porticn of oercy capoco@ vith gut 80 olco
otrooced, “

Tho oroo of Dlod: i @azamo;aﬂ.@n o kopG Co oininino
tho bloc: doficeticn md ko A pighd. Tho Dloch ucod hoto
vith dincnticnn oro cho@m fn tho ‘amwmao ot tachol, ’2&0
facoo ©f tho blod: aro €6 BO reothcd cad porallol s
pospcadiculos %o tho holo onfo. Any doporturo £ren thio
¥413 rocalt 4a bonddng of bodt todye

Fo casuro thig, innlocd of mc’hgnnnc Rlogzn ﬁaﬂkualwc

0 punbop of bloco of ¢ac ploo oo eoot I e300 plced Yo eloco
talopcacon vhovo Dochinffg 10 not roguipcf, TV Locan ard
0833cd o3 o 0812IAG CACHENG TOPY 0CGATAtOly cAG Anopoctod

Usth o hoAchS ooupo. Tho ecaSmop for holoo to Bo Gpdllcd

o0 onFz0@ ond boloo dpilicd, IS woo cacupo@ thot lover
nochind cupfaco of tho Dloez 1o &n £lach vith tho Bod of o
@rilliag nocatno, Aftor Apilling cnd Focadng tho hology tho



Diodzo of roquirod olsoo voro eul en o bBrndoot autting
nochinge DfLort Woo Dodo to ticko tho [oloo onaetly 4n

tho ecatro of tho bdlodz. Ueecntricity of holo vould
POcull & ceecntric loading oa tho blocdiy vhich oo not

of cuch eoacora o wp. Thio vould bhave Bocn doportont
enly A% obrain geomges voro poaotod on tho blockt to dotormino
tho Lol 2o0d.

To proveat tho rototicn of tho Loll vhilo tiphtcning,
To pAld otocl otrdpo with pidoo £alcd ape woldod on ono
faeo of blogk ¢o entch tho Bols hoond.

Colibpation rig 40 o dovieco for wounting tho bolt
in tho Ualvorgal Zooting llachino for loodinp 4t in puro
tcapion cnd pllov Cho moocurcnent of Lol oloagatien ©o
Dndo. 1L conoioto of tvo idonticeanl poirp, cach poir having
tvo clcucato. Ono elonent ipo o cup choped nut vith o 42412
botton vhilo ¢ho othor 40 o throadod plug, tho unthreadod
porticn of vthich &p turncd dotn o n cmollop diccotor to
£it into tho jab of tho teoting nachino. Tho hond of tho
- Bolt 40 coupht 40 eno poir vhilo tho nut in the othor onos
Tvo .0 00pipo voro voldod to tho bBottsn curfncoo of tho
nuto of ¢ho poirge Tho cogaotfc Barco of tho 4inl gougeo
voro elempod en tho otatlonary joir cont cnd Cho goupo opinélog
prooccd opgningt thocoo oteipo. UVhon Balt vao locdcod, tho
difforcneo of tho roodingo of thoso twe dipl gougos gavo tho
bolt ocleagotion.



Tho vollo ond botton of tho vnlibrntien vig nut
vore mado 1libopally thict to ninidnmipo tho offccto of thoip
dofloction undor locd on tho reainpgs. Tho thin batton
vould doflcet 1liko o cantpolly loc@ed placd ond chenpo tho
olopo of tho ptripo voculting in orrencousn reculto. Tho
Boaring focop of tho bottons of £Ap nuto voro Dnehinod
enrofully porpcndienlor to tho holo ouio ondé auto emtro
lino %o proveat aceontric landing of tho bole, Tho holo
@ionator voo mado oligntly lorpeor thea bolt diccotor Low
cdiuotoent. Tho rigo voro forpcd eonéd machincd in tho
Undvoroity Uorlichon,.

For pupo tcasilo londing of tho bBolt, the bolt ando
Uould Bo fn lino vith tho locding anis of tho oaching, Lven
o littlo ocaonstricity vould involve tilting of tho pig nut
totton cnd pffoet tho Gipl rocdingo,

It vnpo found that thig proetico of nmeapuring bolt
clonpotion did not vor: vell, Tho axffdrcnccrof dipl goupo
roodingo vao n gun totnl of Bole elonpnticn, dofloetion of
Lolt threoods, Gofloetion of i3 cndp ond Pig nut bBottonn,
e jois Guo %o oldp ot grips oloo affogtod tho eodaings
capidornblly, Thio vop ovorlookcf Garing tho dcpoipning
of tho pig. Tho dofloetionn of vig ondo end pig nut dbotton
voro cout o o oo nopliiblo by preoviding cuex lapger
pgoctiono, Howavor thio indiroct pothol of ontinpien CootuPOe
ocat 41 not cuceoccd ond como diroet nothods of woocurcoent
Uno courhte |

PFor thio purpoco, tve roetongular vindovp wopo nillcd



in onch rig nut to hnw peeson o tho bolt ond Coeco. Gnall
holog vere 4rillod rmd Vopned in ocoeh faco of tho btolt cad

D, 0. 000ipo vOFro boltod o thoco foecs, Tho othor cnd of
thoce oleipo eomo out of tho rig nuto throurh tho vindovg
and cnrricd sound pinge. Tho hnifo odgoo of tho oxteoncorotorp
voro £irmd on thooo pinge 08nnll wachoro voro put unfor tho
D. 0. oteipo to wolto tho otripo unoffoeted by cinll dcfioction
of tho bolt hond. Thic tochniquo of noscupcncat of TLolt
clonpntion voriied quito nntiofanctorily. The varicuo drovingo
of Sheco pigo are oltachod.

“ho gpennoro of voricus cicos cad Sypoo voro tchion
fron rmoldycic of ligchino Lab. bBat two ring opcancpo for tho
ono inch dino Bols end /4 4nch Gip bolt oould not T Lound.
Thogo cachnoro vord of olcndowd longtho oo caonlicd by tho
menufaetuororg ond thodp diummnzosm cgo given 4n the apnondixn,.

Vornior nierorxtor of sonpo £ron 37 to 4% vith lonod
count of 00,0001 inch tvno uced,




Tho proecofuse for carpying ont tho toobing prograrmo
is o Bo ploplo, eloor oyoteoatic md properly lodd out
beecuco $ho £ingl roculto dopend upon thio oinificently.

I6 vnp doeidod ¢o oot obsut 100 vorliorp freo Cho
vnpiocup vosizchopo of the city. Uach vorlior veudld Lo recuived
to tiratca 30 Cicoo ot o otrotch o8 4¢ Yoo omeeled hnt 4%
vould tcho about 20 biputes for codh voriicr ¢o do (hig. e
Bolt leagth vao to bo ococared accupgtoly tofero cald oftop
tho Cichtoning vith tho nilcegeootor thiech 4¢ vao oollonted,
tould tcho o hour bDoforo cnd con hour ofter tho Sichteningo.
I$ vao concluded €ron thio thot obsut § verlcro could ©e
toptod in o vertiap day of anpronicatoly 7 vosidng hours cad
out of thoeo 8 vositoro te o tooted por dnyy £ veuld Bo tosted
in tho €irot holf of the 8oy rmad tho reot &n tho coezad half,
in tip vay tho blodio cnd bolto uped in tho £ipat holf doy
could agoin to uocéd in tho cocon@ holf day. [infmun of €4
blockp vith bolto vould thon br roauirad ot o tico,

7o oCapt Vith, tho Bolt cnd Liocio vcro cleencd vith
Loroorao cnf potrol o rorovo oll tracco of A4, cenlo cad
geocoo. 7o provaat the oochincd curfocog £re0 rumly 0 WLy
thin layor of obll 241 vap onniicd with o eloth. The Balto
voro G4vidod into 4 groupso, coch group hoving & Llocio of ccch
oigo. Thoco groups vepo carficd 6,0,C, cad D ond Dloio of ooch



gooun voro fupthor poritced froo 1 Co 20 o differcntinto oac
£ron tho 6thore Tho bnlto voro puchced into tho dlocis ond

nulo nepcucd loopoly en tho,.

“ho initinl lcagth of coch of thoco Boltp vas
Deacupcd accaratoly with tho Yornior nieponotor cnd vop noteod
dova oyotcantionlly im tho £ilc. Coeh vorlior tno enllod ol
adicd Co Sichton tho bolto. Ho vng Cold that ho chould {iratca
then to the valuo that ho £olt vould oo tho Josnt leoso
fluid ticht. He waoo ashrd to tipghtea 1/4° boltp £irpt, Cuca
/87, /47 cnd then 1Y nloo. IS vos £0lt thot Chio cooucheo
gave btottor contmol on tho physienl otrongth. Cines /4" cnd
1/2° bollo peguirs cavo of txilled thea otrongth, Sho encrator
veuld poruloto tho foreo opniicd on tho nponnop anecording to
hig'fcol?® ond vould not bo tcoptod ¢o Lipht vith full forcc.
2ut 47 tho vorker tichtong 3/4Y ond 1P bollo Cirot cnd thom
/4R cad 1/2° toldto, ho vould bo tonpted to apply coro Lored
boecuco 1" ond 3/4% belto hod dcocnded full forco £ros hin.
ALGoy tho voritoro had Sigatencd tho Bolloy Shodr lcagthg voro
ogodn ceoocarcd aecurotoly vith tho oicpecotor mad voro moted
fotn opainot ¢ho initind lmgm rocinpoe A£C0r o nDoacuronat
had boea ondo tho bBoltp voro walondod cad Lept for ot lconot
o hour Co givo thon cufficicat €ino Co roeawr to thoip L£oco
leagthe Agoin tho como bolto woro tooted for tho momt Bateh
of 4 vorizopn. Uhcea tho coaller Balto of V4P cad /3R gloo
heg Bocn Cichbencd € Cicop, they vero pcooved £oon the blocko
cnd ronloecd vith tho ncy ecacn. Tho conturoccat of niticd
Acapth Beforo coch Gichioning vao noccoooitated Guoe to tho
pPlaotic oteaing.
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geoup tepo furthor nasiicd £ron 1 Co 38 Go difforcatinto oao
£ron tho 6there Tho bolto voro puchced into tho dlocks cnad

nutp pepcucd loopoly en thea,

o initinl lcagth of cach of thoco bBoltp uno
neocupcd cecarntoly with tho Vornicre micrenotor cond wap notod
dota oyotcanticnlly &nm tho £ilc. CLaeh vorsior tno enllod ond
ockzcd Co Siraton tho Bolto. o vogp told Chot ho chould Siphtea
thea Co the valuo that ho folt vould nalto tho joint loono
fluld ticat. Ho vyoo oohted to Cighten V4R Talto firot, thea
/8%, /07 cad thom 1 plpo. IC vao £olC thot Chic cooucneo
gavo bottcr controd on tho phyoieol otrongth. OJdnco 1/4*” ond
1/2° B21Go poguiro covo of ciillod then otrength, Sho opcrator
vould rorulato the foreo apnlicd oa tho opcancy cecosding Co -
hip'€ccl® ond vsuld not Do tooptod Co Sipnt with full forcc.
“ut 8¢ tho vorkwor tirhtcas /4P cnd 1° Dolto Lirot cnd thom
/4% cnd 3/2° bLoltso, ho vould o toopted to onprly como fored
boecico 1F ond 3/4" Bolto hod dcocnded full foreo £ren hio,
4£Sor tho voslioro hod Sightoncd tho Blio, thoir lcagtho voro
cgodn ococarcd accuratoly vith tho oiercootcr ca@ vcro noted
€ota npoingt tho &nitinl icagth rocdingoe AfCop tho ocasurencat
had bcea ondo the bolto voro wnloadod cnd kept fer of lcaot
cn houp to pivo then cufficicat tino Co roesvwor o tholp £yco
lcagthe Apnin tho cono bolto vworo Costed for tho memd tatch
of & voshoeo. Vhen ho roaller Balto of 4° cad W/3® gico
hed Bocn CichbGaacd € S4icco, they vero reoovwed £ooa tho blodho
ond ponleecd vith tho ncy cncne “ho coomureccat of nitial
leagth Boforo coeh Cichtoning oo noecoonitated Guc to tho
Ploatic otraing.



In 01l 10 ononnorg voRo poguired for tiphtoning
but out of thoro two zing opennorg Lof /4% cad 1° Lolts

could not b2 procurod.

CALIRRAZIN]

Aftop tho gbovo davo vap colloolody tho Doltg wvorg
toptod in puro ﬁmoich $o drpy tho enlibrotion carvop. Tve
Unfivoronl Tooting laghinog voro ovoliloblo $n oatorinl Coolting
oDy €1C 25 0f 20D teno canncity cnd ¢hoe othor 4o of £0 Sano
genic copoedty it adjuotodle So nonticus eopacity of 7 Cang.
Tho grinping deviecop for tho coeond machino voro found o bo
bottep.

In the £irot ¢rall, ¥o aticapt voo oodo Co ooaruro
tho Lplt clongation indircetly vwith ¢ho help of nochenienl
Qin) coacose Ao ozploined onrlice tho bl vao ccurht in
thoe pig, cad tho ondo of tho vig voro fincd in tho jovo of
the noching, Sovorel teiolo voro nodo cnd rocalto obeorved
e thoy voro not found ¢o bo aatiofactory. IS vas found
that the &i1¢forcnec of twe Ainl pgoupo rponlings vhich chould
givo Loll olengotion voo not Volt olonpotion alono tut gomo
of bol¢ clongation, thrond dofloctiong cnd pip dofloeticonc. dlce
o pipgo got tiltcd Quo to neecntrioity of tho bole anio €ren
NC Pig ondo cnd owea tho olirht tilting of tho rigo onnroeinbliy
offoetcd tho goupeo boing counted@ ot tho cndp of rolotivoly
long oteipo.

Thip difficulty vao ovorcono by nohing ooomurcscato



diroetly on tho Bole. Tho ozZtcasomotor von rounted on tho
pino Drocod en tho projoctidzonds of tho D.0. oteipo boltod
Co tho Bolt cndo. Thip pysten vormiod vell for IF, 3/4" tmd
/8% bolto tut 484 not vorl for 1/47 bolt boccmoo 1/8° dio.
holo drillcd in tho cad ondo 4t vorpy vork. 8o 1/4" Bolt uanp
topted vith the provious oethod. Thio pothod wvorked voll for
thio Bolt boeomso tho dicnotor of tho dlt 46 rmall an
cotpored vith tho rig coetiono ond load on 4% 4o co conll
that tho othor factoro Boenno nogligidlo,

A nunbop of Loltso woro toonted for onch d4lorator end

tho avorage voluoo vora tohon cnd tho enlibroticn curvoo voro
di’ﬂmu

Cinco 17 pnd 3/4° bLollo are not londod boyond
proportional 1limit vhen tightonod by workorg, tho colidrpation
curpvo vill Do oomo for oll tho tiphteningo. TCut 1/4" cnd 31/2°
tolto oro frogquently londod much boyend tho proporticnal 1ioit,
thoro vill bo otrain hardconing of tho potoriol duo Co plostioe
£lov ond po ono 'enlabmem eurvo vould not sorvo tho purpono.
Calibration cuepvap for cnch of tho tightonings on tho boll
oo o bBo drovn, For thip tho ovarnpe clongotion of tho bole
Yapo found £ron tho colloctod data for ooch of tho Cigatonings.
¥ho bolt vao londcd in tho tooting moehino to o lond vhoro
caotcapion in tho Bole dcapth vao of tho valuo opn enleulatod
for tho firgt tirhtoning, tho bolt vao unlondol, givea o
18ttlo root to cool oné ngoin rolondod to o lend vhoro tho
clongotion in tho bole loagth vag of tho valuo of ovorage
ontenoclion foP goeond tightoning oo found fron tho data. Acoim
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