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ccercc nDoio€a1c the bolto :ith t!.r t ptc .1 urcnc.oc. 
o It ticio fot2 n^cmavy to cctiiatc the d.v ,roc tenollo 

1o,^ t im2uec1 Into bolt tip tcn-1 mfr n r" il1c' c' he is ditto 
unin n t 1cal not of t1rcncc. ': }' attC=tC UCtC CO 
U-A c 2IrcotIon bg voDtcac In ctICafioLC. 

Zn t ct. p 20 Sc.:`uio of " 3 lcy 3o~arna1 of :-,nranc rind 
Profoncor 3,fl. flan. of Corno1l t t s'oIt 	b1t :r tt o rcculo 
of c"c-~ ..,cnto r at2o at tho tnIvccity cz a nt=tr of c-ochc icc 
Cnd e:4Cs .VCA a roletI l 

ic 1COCO &•bo 
X, cro Ft 1 o 	I c I^ l 1r- In $'.t o 

to othl 	 {'!3.' Of !,,nit in it`3C^r• 

For cc t to !-^t l co^tact San'*;n t! io 	no 
jl toil ' ;s Cr. .~ c c; ra 	*;it bo2.Sn bavin." (11a. 

of j& t ev 	e tn. t 	3 IL 3. 
if n tZIt 'a !t'ric t.,o Porto 112th n iacri.b1c .!,t'r'xr-t 

bct rc 	a ccllor r°f'ort In clIc3 In ort cr not to 
c ch no tnr? of c- ! 2.riIUcl 1oa2 cnng tc tcc an c cam' c12 
ol at &tvc by to aV,3m cict1nn, 

a 	tip 2ttial ct OD U1 from Chong roiatonn 
a S T' and r allay tol to co b ato o the ul uato tDcnth 

c 0 lvu cerbi otccic t Ie ac unto for the oc colonel f 1 zr^n 
of rzaller bolts Curinç tIr*Acn c0 Thin obnw r'ratlon maCf7pntaa 
t t cc rc tc, n'.1tai not to nct cn1l c o c o C-10 bolts too tic to 

LatCP .-ctrto fa,.uni tic- It el of 'ocn for thc r t.: a3 
ccr2 co cc Inc x,: LO1t ar lnrr,- t" to boa 

01 0 - 1). C.I 	 ( ) I In ) 

ist'olcitlon cicccto that If a htc etrcnth tz It 
rya crjal to *inc it raj t (lffic.0 t in +sac of la'c;r r b1tn 
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Later Cardu110 bmainf hLo ob or 1r ti mo on Dorr' n reirtton 
pr sooc1 o bola fo to 

( p.65 D. 0.26 D ) 
c c U $c pnrzinolblo load In Lbn,., St in tor:1nG etrorm 

in tcnojcn + d D in no of outoido dicrotcr in 1nehc o. it in 
ccn that thin forciln Ci c ,U to or no px rniooiblo load on 
bolts of I/14 dicrotor and loco. It in rathcr Inai ricnblo to 
use the fort ilo 'iboro perfect tthtnorm in do iro and orc 

from in particular nocd of 11Iht conoti'ucti . 

Untijn ro--nc So the follotllnf3 rolotien for ollounblo 

otrc0000 cnd bolts of o 1incr7 otool to cct o fluid tight Jointcr 
Otc2 ICOO WOO `& - for rough , oInti 

313OO 3000 n D for fai Joints 

Oc: dcni oro to o coro of initial tcnnic,n bi provi~lnrj 
an elioanco by ci1Uipl7ing the Cp atio( force by l.YO in 
cocuttnC the otroon on the root awn of the bolt. 

The dcgrcc of tig tn000 drpcndo u' on the o `1+cricnco and 
Judgement of the acch is cnd no Is bound to rav,7 from CLfl to Ccfl, 
ii , bin hynic al ctrcngth end c vtron ntnl. +gin&ttienn ploy an 
inat cnt ]. role in z i inC hia fool the !ef rco of ti tnooa. The 
rclation Liven by Prof„ Barr It tcmQf to be to avernoo 'fit 
rar reccntativc for an Aariccn cd.11cd cccb nic uay not hold good 
in CcCJ of an av rn ;o In itp coc anio• To the bent of thor' o 
tmot lcdGC no ntt pt in his bamc a tint1,y hoc over ben oado to 

Ontablith coca nuts relation cttaltablc 	Inicn a Mitionc. ho 
° c thor has found thin a good op ortunity to tor : on gain r roblez 

cad ccloetc1 thin for MMe tcotn uori at thin tT'n1vcroity. 
It hasp been intended to 11vontiCnto nt tt tic llp the 

Initial tension in the bolt by having different .iorz ra tIr ten 
Cho bolto of diftcrcnt omen t.tth differor t oainern cMM tI, n to 
t2cetcrcin the load duo to those tl tcnInro. 
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ho algebca2.e r-1attrn et cc 	 c torque npniic on 
th nut tats ti tcnjnC .d the a tial tcnoion induccd in a 
bolt tia ' bo dctc ,ne in torzo of coIfiaicnt of friction 

b3t7OCt tho n1idiai Parts cnt1 the 6ia=ccaLcuo of the nut, t 1t 
cin4 tbrordat 	 oX t noK+Mg  

ri C 

taro i" a t4ppiic i "orqua 
?ta k'ite rcciuo of thrcc1 in ' aIt 

r0a t!a rcaiUo of nut £'Qeo 
A a II OU$ t" :rcwi c o 

o(a fcWiW c 3 10 of thread 
M,a Cooff. of frio hn tit throad curf ce 
M)► CoofI. of frig° ion at nut fcco 

ho cibovo cucitcn A oc a tcnrctically corrc ct relation 
ti ocri tOrcuQ apnlic'2 t 1$ t1 c rocult2nC tcciirn in t rr r of 

Vcriouc Qumtttiot3n 
Uc vc r a øicplo cu u coro practtccib rc1atic 9.c dccired , 

to 	 Coro u A 1 In actual pr ictico. 
tick sctjnc 1: xc hQ .ia cx&t10 	tci1int; rc to t 	/3 tioo 

rt, lie CCt 
r 

x a rt !?i 
COci 	rt 

rocciu1r M, m 	0.1.0 for dry 	ubri c cited a on cited 

varfacoc cml 

ca we gat for t~I itiorth t3 rcadot 
as 0.1r!fl r i 
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The above aor a ticno are rcn nabio ctnco cooff. of 
friction is r bjc ct to c UidcL3ble vori tIon,, bCfnC cffoct 
by the condition tnL fit of throc4 curfctco, the iubricntion 

c tho !a itldo Of r it p CciuVQ bttiocn 	11n arfo o. 

£1 o t! o cootf* of rtrnn rj friction 10 1003 thcx: tho COOff. 

of ctcrt rj friction. 

i,c oy and of orio 1n« 'and o or ccnto13.7 o VOlntLQn 

of the to= 

C. no FL 
C a 0. 	for £1 uniubrietc1 t rondo 

= 0.18  for tt 1ubricntcd 

``hio torque T o)p1ica ir t htC&fl3i rnr y og inot  

friction cnd portly in otrotcUnC tho tolt to rr© ''nco tcnolon 

PLO Xzordor to 4oto Ino the poreontôo of Lor a s uccd In 

ctrOt inC the bolt, C 1r3ifcr the rarwrn1 ro1it.ton 
T o r C rn coo A cin 4'M'rn coo) V. r0 M2 'g 

but Pi a Vn C OOcA t 3 a -Y4, nines ) 

r (V. coo)' O o~@oM,COOOc)+ r P' 2( coy)' + ~c)( -M,nino( ) 

Or T = r Fn ones cIflo< rt L'# M, OM+ rC r`jiC coax coca -M, oin oc ) 

From tic it crc bo obcor c thot ftro tC 	In 

otrotchinC the bolt ttoronu not tun torzc i for friction. 

° r trr~ 

	

	 Coa T ci o 
a. 

*friction 	MIC00 +( +d m7, C*OcK -Ai1 2nc' ) 
rt, 

toy o 1. inth D.`-] hilt t cro 
ca( 	3' ,, A ; 2 doe,, a 	► 204 

Mi a Ai +a 0.13 

to b . 
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Ott 
	 0.1 0,O4 `Z 

ction 	O. (Q.coS (o.~7 oXMOS.o,i& .O42)) 
3 

1 

0,535 

,̀pia toto thet on an c ornao only 30.& cc perccnt of 
the to o 	lio o is Dt tth1nC t1ao bolt uhilo the root An 
u cod grain t friction. That Is the rcac n, the torqua 	caroC, 

by a t3ruo yr 	eocc u'y to turn a c^r utn i + iol trflt 2 D 
i rjot3 eon vidorcib2.y vith the cn1ition of r tr nea of the thi cCdfl 
d of the ourfaco in coritcet bottiocn the nut face cnd its coat, 

typo of fit botwen the throaS p tiith the kind cn4 aunt of 

lubrieation of the ubbina c1?facoc, ut a the tntertaio 
contact end i4th the olopo of the thro&o; that to the t onblo- 
tone variable to the coe 'f, of friction. 
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The otrcncoi, in a bolt, UC?G'u, or otadtthcn. It Is 
zC't'ottc 1 up tightly o1' . 

a) t tenoilo ctreco Guo to otctehin of tolt. 
b) A for ionQ1 otroc ocuccf by the friotiorial raciotcaco 

of the thrct4 aurlrAg 2ti tit3htc' i C. tn4 
c) A bniHncj et as if he raecocc t icr the *cc or 

nut nrc not perfectly nom 	tho bolt czic. 

It tho outoico cirfoca of the Aorta thot ere ' 1tc 
togotbor., are not nnra oI, the bolt c%i11 be rab3ccto2 to 
bcndng by a cznxnt ti VhiCh in Conch O? thO iJtioio ftc- o 
lcn13t a. 1. ( t'2o fig. I ) 

Tho otrocn in ?4 by thin b r 1n may bo fu n4 by the 
follovina rotation ' 

b 22 

:.ivabOI1O that for a Given nnt4Ttal The ctrocn 4Opcflda 
only on tho ratio 

Pop ono inch 'bolt boliint holding tor;othop ttro fl goo ui ich 
taco 0 cobin c3 th e m o r n of C. L5 inch cn d a nio acd that Gc1V 
a 10 	Inch,$ tho intro ;a 1.0 

* 	~ tr ~ 	,~:~a •err 
a 	 ~ 

Tanpito of the ry c nll oviotiono of the carfocca 
froc bolne parallel, the otroon c uroc6o the olootie 1. ti ¢ 
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Thin choto hou t r-wta-t it io to Novo the crttoid© 
Mrfnccc true. If they are not mneh ncd,, thcn the curfaca 
around the hole cud's bQ cpot feccI. 

For UIC stand rdabolto ' i h of o fron l/n to :V' 

Ond for M eO.11 end mti .i Q, the røEultcnt of the verioun 
ecd st ccs s 

 
ii fated to be trop OS'► to I greeter 

the the tcaoilo otre on clone. I o vor, for 8 oc is tith  
o dtotor 017 3/40 or loon,# the Initial otroc condo no 

eh upon the 3udgc cnt cn the oiicrienco of the c,chenic 
the , 	ottecpt to cnl icto it i0 	oCtico117 UcelCOL3. 

The cun of bcn.ain j of co end the in& iol i'con 
trot ocrcing the nut cec very coni14 ctccc'do not only the 
o).rjoti+ unit but P icn the ultionto otrength of the bolt 
m orioL Eouov r, b.^ecuco of the uetility of otool, the 
bolt will bo 'bent trforo broeivt. hla bninr ii .l oltevo 
coro of the atr000, but it in not nc iccitlo in o cach1no 
part, 

err.' r, 3 	1  	t"~ r1! ) 

Gonorally the cztcr.el load apolicd to Me bolt tenda 
to ncperoto tho + mncctod sochino iavt in the 0.ircction of 
the bolt onto, end thin action cats up a teno ile of no In the 
bolt. O0etinoo Yhcn the bolts are unod to prevent the roletivo 
co7ccnt of taro or cow ar ds a cheer' itroo Lu induced in the 
bolt. t he tho action of the bed to at en erbo to the e2So, 
the stroco in the bolt bococon tendon end rider co=bine4. tic 
cZtcrnal bed con bo ototio cc t'oli no dynwic. 

#LE 

I"hcn a cheer foal . in coring on the bolted joint, the • . 



• 

bolt in tightcci to produce an in iti .. tcn nilo praiond 
pi t a VC L7 hiCh vnluc, cftc r LYbith the o .tcrnnl c err laud 
in it nonod. The affect of nrcloa . in to pinco the pc rta in 
c000cion cnt erento nuf ficient friction b .t c ► them,to 
prcvczt incdz icolbio rolnt1vo dinplrieorxnt of the vlexnto 

In the iroction of the acting forcon r ich io ilf load tho 
bolt r dditionzilly in bcn4in. 

ho vvluo of P1 in dotcr3incd b7 the rcquiro6 friction 
force P" octinrj botocn the contact nurfocon according to the f 

audition 
l' pniro of a ntoct nurfncen 

M =cooff. or friction 
U 

 
le ortcrnnl cheer load 

tn the bolt to incortoti in z rozrc hole with n 
cn .l intortoraeo, the obo rinC load in t tcfl 137 the bolt 

r 11. such ci joint to not nec oorLlz prontroccod. 

;lw 

The 'ion rile otroomm re rultinC in n bolt from the 
coibinod action of the inittol load put on tnc~an the rued 
In cerot od t . t end of the e tc 	4. loc1 tny to fond tron 
the fo to ing rolution 

P c 'g # 0 

borc PO is total bed on bolt 

13 ctcrnnt IOCd 
+fib in ntiffncoo of bolt 
C to atitfn000 of can o trc Porto 

or ?0 P1 + a 

loo. in jointn tIIth the mrontrero.#nC force P j cftcr 



the orto al lord hcto bccn z pl1od the for t aetinG on the 
bolt ii) thercone . by . 

b'' 

U ra1ninç the roviouo oqutin o eoo th.ttt If :bc' 
ctUfn000 of 'kilt Cb to v r 1nr o no co pored to C, then 
. epp o oo (F + P ) 

If Cb to vcr a oU no copnrod to C, the tors in 
bracot boeaoo v,y , 1l cdtatol loo  a roc c oe PI , 

¶ harc orc the nctaol1 ioaa to nlur 'o totGecn the 
initini ten oton 2 the t i ni from pltac the of temo1 
load ( Pro Tided the joint door not o*~ + ). 2hoco rer o 0 

c mbovo cnLoio *c not on')lieoblo hcn tto bolt 
to ntzb3octe& to o,t ificant bdinc c cc to no e c i the 

Cockct to inoido of the tr1t a rcic, o gory co , or nco 
txnt for flat or r .r ~; gne'c ; ► 

sb a rnriabio load to it occd on the oobcnblr, 
the bolt oloo ozpnricneoo the vorthblo loa $ t ouch, of love 
Uacnitw1o. U on tho a torncl load cbcmco fvoo 0 to P the 

bolt cection dov^elopo iaryin3 otreoc tit . o mrcima) a tclo 
ctvc co 

cnd n ►1tt1de ""I" .. 	 4% 

co 

If the load on the a s eblr to coi to ta3.y rcvcreiblo 
tho a rleo +r litacio to 	_ 	 . • 



The amplitude of the alternating load de 4s on the 
r.letjv. stiffness of Ui, bolt and elx ed parts* Th. sss*ably 
with r.l.tively flexible bolt will have such less axplituds 
in bolt stress than the one with rigid bolt. It will + also be 
**gin that greater is the initial stress larger will be the 
Value of the an stress on the bolt. Of courses  it will 
tar• up larger external load* without the sep*rmtion of joint. 

i 
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roio&1nr, of olto in ! iortcit cothciniec1 or 
ntructuri jointo i c cn ontcbiica prctieo t bi h, to 
toot thCr000inCl7 OtftDcIt onl 	cuiro ente, Xe 	c 
Coro cnc core ,Idc1 op ►13,ax2. It In no i t1nC epociftoa 
foraCfl7 non-ot *otura1 jointo o.g by oloetrieo1 cq!Alptcnt 
onfctirora to cncarc aioqucto c1czp9ng of jointo in 

oac+ tlol cir lto d b eo their 10 ronIctcncc. Certain 
ccCcccorir►o cufncturcra CI Olco Inciotin U :Ol narctcloiofltfC 
to ccuro tho correct cnd ccfo onscob1y of their pr ctc. 

7r to ionin.r of !bo 1t pro tzcoc bofLtc thot 
fall Into tivo broct2 catacoric o. 

0) 	Iopro cc;rnt in thrcni torn cwt in a',o lc(. 1oor1 
din trItu tion. 

b) 	floauetjc m of r noc of tend n ioa1 F u+ ttmtion00 
0) 	ao heti+on of r : ,c of scar load f .uctuntiDna. 
d) 

 
4i1ov1atin of c4 rr oflcot at ine1inca 	dInG 
faros. 

o) 	Gcnorol otiffonini of the cocpiote joints. 

The ioprov cnt In th e cd forta in attri"tutablc to 
Plo8"ieltP4 x ;c 	nefocic 1 thrrci o£fc~ctn arc norza11,y 

preset ,. t"tp t# .?roc%1aritioo In t meth arc oothcnol 
out end a t t i' eo itoct bot ee ► the throadc rnd nuts and 
of the " 1t obtaj cd. Coo~n41t# a Coro ec uAtablo dintrititi0 
of trcnnzitta . load in produced botucen t e oper ttvo tot 
of the thrra lr on the bolt. Thin reculto in 'eth reo'octc 



Co veil 1.eyo4 'tz iat in pol!oiblo by  br c 	ufa nisi- 	roc rr)o 

it any bo added kcro that th no t1aai d offceta toto 
a iov 1 	fairly hcovp proton 1oni a.g to twcocccry nitho a 

flcy ii11cd oporotoro ticcitcn untill field .ia in dofinito 
d obiiouo ( It is worotoo6 thin docroo of tichtnooc to not 

olticyn attainablo Ulth otmIorL oq tipicnt for bolto of lcrcrr 
d otor ): it to proboblo that such y l linC th1th to 'ktootn6 
Partly by the obcorvtion of the n wbor of to ap of nuts d 
partly by  'C+ 	to efbott to the tbroolo, bi oroe or 
ttChtCT1nC o''crn to bea e unto,#  and it to probably un(ooivablc 
sic U )ll c, unno+ acnai, to nratood to a OtaCo Mora CCUCVCI. 

ytcldina of the to1n body of the bolt occurs. The t a6tng 
.otn procco, tthteb teh.ee pThco not only at the throodo bzt 

also at the COUtOCt f000f) of thC CtrUCt33l c1c atO COZ1OLtha 
the ainto , to proonntvo unier the action of the fluct'zatiflC 
bade that to icpociod on the +toady tenoi,n lard. Left to 
t coif the or molly tL t nut becor-oa olac.:onti may rotate 
a ,i t13? in this CVCnt EUCh of the t cnof it of thread 
protenotoning i loot. On the other .licnd it tennion in tonto1nci 

o pro enotvo bodding do'n at the thoodo is beneficial. fla 
it in noconoary that tenniari in the bolt th aid b ci tn1nod 
t3n tIflUDU nlr. 

The of eon beneficial effect of protenotoninr, to the 
rotucticn in rarico of fbet*ot1rC tcnoion it oco4 by the 

12, 

ororational loan c. Thie ro icti t rri.; ac fz'o the rarnorntiv 
fiezibility of the bolt In tcnoion and the c)zarativ*o r1ri.Ulty. 



in 	 rocaion of tho d t ctarc . jc= mt0 thz arty ` .cnrt 
tOCO he r by the bolt cd the nut. If,, for c.jt plc, the bolt 

dci' tcioion c ciiTh tcn tea ag + Al no the aturuvjm mm, troct 
un&&r the + 	oroInc coproeivo force a then only one elcvcnth 
Or the loe4 flactnat an pna sea for u . the bolt,, the rcinain car 
POO500 the h the vtructuro hich be C in cot,reeion 10 not 
no a to u2cnblo to Pati o. 

This reduction In the 'c.ne of lonO &&uctuaticnt is 
obtoinc4a at the pPiCo of n rolott 1 ^ b2h ataa+ y at as or 
ac rt r~r 

 
in the 'I lt, Undo aooneblo c n itiono of lcoin 

4=4 opppation cnd p , ido ,rotcnetoninc In I:ct t UrjthIn ant 
von.l3 be rcncrallr rciurdod as roconable litiito, the effect of 
the O eac17 etvoaa to cccoida,y. 

The roljovjng offcc( Puna only if the apornt anel 
tcntcrian 	o the i ftia.1 trnaion„ in hicwhich cvcnt the cDnt et Ln 
fa coo of the etrL*CtUrO aa' eroto cfl( thcvo to no cor pro pion in 
he at c ro. ender ro r nablc AcalM conditiono thin i s 

nnlu o y to *car. ".tjb3oct to conoiAcrotion of haft+ strength 
a r ► ocenvton l ov rloa in this roaroct to not U !u ly to do 
tzich ham free the fnti ,uo stand p Int. 

CJ±th the rocorvation ~~nttoned for the wry hocy 1A 
the tciefito of ptc tiee rj throuch djrrjtjon of s al bc►aA 
fluctuationo are eoiioi .erabbo enA of orate o or the entire ioc iUn(3 
rm co. In fora of f cit po life, they arc core of i f l can t at 
bo-o b eAm t bo bs # ainco the t'oticuo life &ucy be c rack 
int2efinttol,v. The fott uc toots corn eA at the do fz,vilcnd 
Aircr t Coepcn7 in UJ chot?o4 en inercoco In life by a favor 
of njontaatcly 10001 3. tthcn protcnoion load Lino incrccu3ot2 Prot 
I 0 to C'00 1.ba, for C7 .t t icc l bone nottcrn. 	 . 
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Vov o cboar 3oi t, t io cvcntcca of +i 1iih p tc±~ cic n 
CPO i oc2ictclV obviono. In fi .2 ici cho o a aiciplo cheer 
of t hcld bb one bolt# if the bolt to not locC to a b1  

it c ,i lU bo cccn !hat It octo no a pec. In or-2or to obtain a 
roticonciblo foticuo life, both tho holo mc3 bolto ore czc2o to 

Vory Oloco litito. Zf, bcvovor the otrc^a in the bolt to raim.'I 
to o vory Mt bovoLp the IractFrn in urcI to carry the olte cto 
loc4o. It ` is the lock in the bolt* cn<2 M in cooff. of friction 
bottccn the platen, tY 'wovidc2 thot altorncitint thcar load 
in loco tb i &P, the bolt trill carr no 	iitinncil load. It 
emnot, torotoro, fail in Loti ctc. 

4' othcr lcportcint practical civcntci o in that boccuno 
the bolt is no lafCC' a poi,, thOdic nnional tobortncoo of both  

the bolt aai2 polo cro no error of r,rico is rtonco, In rcn r 
practical ccon Coro voi t to cm icortant conot3cration, thono 
4iajcnci a Caro in fact carefully raintaincd. hio factor to 
ocipoCiciuly inortct tfttoro the choor 1oc 1 and cooff. of friction 

are opcn to doubt 

ci 	In cocco :there the neeo of the nut on& the otrueturo ore 
initially inclined, they Oro b ,acht tocathoL by proton nioninC. 

:. ao rocult of thin per...cnct tntct in that f luctuationo in 

bir UnC no-nWit in 	 Vci coc lbctoly. 11cro in, ebocrly ilic$ o 

pro cc at the atcacIy bczl.ia r; cocn t nr co ci ary to produce full con tac 
but it is a tact on fatiCio life to normally cceoncary. Further 
rnro, tith occo in marufocturo of contact focoa, the otocdy bcadln 
oor : t can be roducod to co eth1 CC vary cell, 

It in of intcrcnt to conni:icr a little 1urtt-cam the 	0 
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cmufacturinC iiitrionn In rolatlan to emtoct cnCloo Clearly 
prctcnt i(r ina Ito&1.c9 not b rolic d upon to brine toot cr two 
c facoo inc1thc8 oriinofiy of ovra1 -dcgroa n to ocich of or. 
On the otbor lc l conufactur n cectac r In not cibcoiuto and 

it a"-porn rooconoblo to az no that a ociu1 an r10 of inclination 
ccii oziat road'+ of tho taro t icne tithout protcnoionint , 

thorofora, thoro cast o riot cogs lot loadtnt lo vol cit vhle'a cntir 

f 1uctttctin axial foal to aphlicd n nciiciuly at on arks or corns r 
of tho nut. 'the ciocóctatcd bending  curet Ia thcn for coro  

~C2nc Tao tho fmtl o otcndpoint Thon thc c iol CotponCflt of 
tmolon g a .# 0UCh manly a call tlocvoo of protonnianin( to required 
to rczavo it cntirol, . 2nao It tto. 11 ascot tho.t uh,110 protnnic 

1n3 to croatiy bcnofccial all auditions of bMing, it c y hoyt  
a c ccia1 ocid vital o.tcnificcnco under conditione of low bed 
flu+ rati xo cuth oc arc profhtto-S by vibrotio i 

Tho bcncfit of protcioion na aricoo f ora the gonorol 
ctiffcrtint,, of tic otructuro htch it prothcoc. Jithout protcior 

in tho non-axial loading offoctc dopcna pri ori1' on tho  

flczibl.11t of the rticu1c * citructurni olcx+ nt i odictoty 
undo the nut face. rotnoionina clanpa all the oboconto 
to(;o cr d in ecacza]. g1voo a co i crczblo ingress In ovoraul 
cfIcetjvo otifi'n000. 

Cl0ccly alliod to th.io diDoct otif fcn9 o of fact is the 
p rc vcnti of f ° ti r that say on co f roz a ; coral looccno oa 
in tho cooploto joint unit, An to troll tnotrns f'rottine to on 

aceobcration of fats, o .failure, it ci ld doroo ct tcnof ninj3 
nay b icicftieicnt to prcvet ozcocaivo fretting, but in any 



0 	17 

..w5 E 
eat a " 	t t1 t"* may soon bccome a 1sck unite Fretting 
cannot necessarily he erne ad entirely by pretenion1ng or 
in fact by any other means$  but It is rendered rich less 
likely to occur. 

aogo*W-Mw*fw 
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In a 6onicr of 	rtcnt joints as in nir c'aft 
rrt1sn0, .' a vcIuo of prc1on4 on tho twit riot bo tno 
!POcicci7 o' oltorata those cast bz xo=o cotI.os of 
p c 1Oail!g tho b1t #cc3PntcZy to the jtjValUC* An 
pothtc out aarlior, tho torquo a"n .leO by ticnd vriri ~a 

coiti. fOt3 oporn E tO operator c: a can rte. in ?i 7i sal 

opora r if civcn a lnrCo n ^r of ixlto to t Cci, cn ' 
eoallg vary the touo be e ,lioo throacho.it the 1 	the 

rt 7 o cnslan blo factor or bovine to roar or the ct 11 
cn'a int tty oaf r opora r Vor t 	n mater cty in tiChtne a 
017 all tho nuto on a joint, • :'t ridard I lcnee sof a° c :* crc 
t o not halp to cn' Great cztent t ovico the vnrimion of 
pbyoic i t?c j h from c o oornto to troth r 	taeoo hoi' 
a 'foe ivc000. 

ti furthos con c3da'ntion 10 that in foot it Ic u 1 llg 
the inipoctor Who 4ctoi inoo the ffnol torcuc: fati uo.. icciuro 
in cDct moos o W111 motor on totrin1 the nut 3uot a fi cUon 

(2UrjnC e ( inC the nut racuito + rn be quito aotonlaihinc as 
c1aon In Pi (3 3. ' hio atvt/a the tort o to uhic 	Dh nuto 
' oro tiri'cncC en cn aorcz'bl~r. whop tro, o locu2cO bg a a' illcl 
oncratog urAn3 a ' Ot da I a cnnor r-nd c! oeeod by en 
1nonco p . cnd cilthoui tho Otiocicn d1otritttten to troll 
i3a ca$ cnt1 the o crcll ocat<' of torque In 'aura loon thcn  
10 to 	then 120 a~~.~. • I3oltn 	cctbbc1 in toot n0ircoo 

G^t' oimilc r e dttiono to hhonc in the po cnt eevo 
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tcoto4 to  tc11uro rnd 9.c occ ircc1 in co r, 1 ►1to at c 

cpi21c2 tov<i o no jo7 Go 7'O tf . it till 1Xi O ca thit 

t 10 to trcz c3,' arncrouc, 	in13 as In £? to pc t1 ' 

cujo' cara the tr eti n of cr one i 1t in the moez' 1,, 7 

v uld acv: rocUtca in Ito bond 1inC AratT into the 

COC2EoCCG' Of to jct cntinc 

`ho rot aatcnIne of t2 cca ' 1tc to t otem c fa 
fio 1Q0 tai ObbIOUO f(C Cf4i ?a CPC'et Cam Ic ncecconi `EJ 
in carL,,1n3 mut pr 1 ,r '.=La rin !?m^_ `r Sa ►v4 v 

ttCXltcflinC. it io Por~01t1O tO bMCCz 0 bolt tit tho start 

trot ntLi1 ;oi g n cznc ..: ,7 tc in 1t1ntci3. E: i1c` I.a not 

otoctc1 at th1Q ttco t W jjc! cn + &'7Oi.Op0 Maros: _ 

Fati e, 

To*aUc 7 the c rnt u14ncn rG co ho(c of colt of cc 

tho c curia of 

a. ictio , a« tho 	fcrcco  

taairca botoro enO oftcr tiGitCniflC. 

b. ` jo cnr"10 of the nut arm. 

+ ~ 	o?tft0 sbcn ttun1ng the nt with ci for .3o V"Mmo 

Cut of thcco tc cniy wc'alh.hr cattnfactoig cna 

top n4able method bcinr to c-ecaro ttc c tcn o n Dior 
c t ninc,. in ovact ca s$ of ocrois tht.a no o 1 to 

im-n ib10 to c- ,lit, ue to SnccCCcO1biUt . It In 
o .,11cobic only cro b3th taco of O1t arcs coedc L 1e1 
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"hi .n caic '1y c ~10 rc i In airci `t vis uctbn t bbcre c c 
e7cVg 31t Ic t1 tcc Very irecIroiy. 

Ltict er"ra .1 cSrC: =ctrncc ecro cohort thii b3ito 
Oro t co , it In t,occiblo to 6111 o c U hoic ri1o; C the 
c Ic 0S ko t1t, Atbn rod : ich in sc rc t of the 

th - :. ?cd cnd of the bolt is incortcd Into The hole cnd 
oac' ncd a£ to other cu to be flnca utt`h the 1'ccc of 
the £ -1 cle On coccnbl the nut to tih tcncd n, tIU tho 
bolt CtrC Ztho D cacficicntly to dret the cna of to ro(1 

1Os7 tic . 'nCO o the hc2 by a c_njc ln'.c( c rtt0 

 cfo tic.1 r i& v Jlo"l In nine uc An 
'`O otcr +30000 Cc of tic c c M7rintc of Inn tine Q 

Co Icel t%cfthxr bc,c thc r it ca 1 r In t.:nri''_C:r. 4'o c c 
to 	ecno. c: cc c)17 vn 111 It 1^ £ln't. i 01toz,cto 
cthod In to ui' co vachctna c ti:Ic c: o r..vpotinacd by a 
t tn cno. io the rnt In 	tcncC the i.rct un,r!.!ct C. r 	c 
until it in of the nco t e~xcnc cc the cu ci Ono. At thin 
point It 'b~comic' n 2noncib1.o to ti . the ot4:or u sclbcr. frn 
)$? cdjuotIn the vc 2icl ttithnocc of the Inner ucc1xr9 thin 
con be t do to occ.iv at a p da 	sci b1t load.. '.-hcc tto 
eot +2n tomcurn only that the nut in not C1OCs cnd do not 
rAcrcntee . nt the bolt In not ov-cp loat2cG4 

:.t 2e20to in tton n t a ; ro ro,.: c r t,o1n, c'., i1).c1 
lQbourD toro v "c doc etc., tl co:ioC .".`;'ir3 not civollab 

t In of o re. . flc: ctlo a o the 'o taco of to uo art , 
be cot o v unce oIntTl# a O0I roli ablc ce tho5 in to be 
uccd to cDloch . c t3ltc to r~fl c ro cctc figure. 
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In 1DC 	.,3.iiilOe cccrc'a CH;*,idccr,, of 
bww i7.. 4in -'.I V„yCL6ff1y of lset14tiat1n e+.+.+vl4.ie4~S ci ri.t.h.co nuut r  

Of tocta to actor..L if the Huck: r of t a o of the nut 
coui. i t ucc no t ettLcz for tot tcnotcm, 1. 
tot o cicrci tolto rant31fC from c,tv  Writ to 14/R' in 
ualn(3 it notodcotcric1 Orcvn up ti, 	ii h the t* 	 . 

AZC3 b,1to vc d it fitting g up boltr. Vcr found, fog' aii 
4icotcPo tbnt fit^ to f = o ° fingc-v tt ..t 0 	nItiC4-1 
r roi- ( the 	i :a bolt tcneten rcqui c 2 by cpcolgirnti. nii 
i.e. c) to Oo3 of } .oba 1ocd of no toit. .;c Caco foun 3 
1hoV 1. to 3 i►u!®ri10 ucro 6cgf31+YLa to bt i..¢l, :.1c loia7 or 

ott. a the throclü. re rcr ._.cn1cCi t_ict b<aitc b ivcn 
t fQli tarn of to nut 	 i ' fin:c titr.eonfin: 	' in 

ordor to be obovo the m#nimm tmcion rcr-a.irc in of etu'ai. 
3n1otr. In CO, the ' . cnnrd council of t' 	in ap 1361 

3 to the up ificntionc ci rovc?1 ono ttiic of the rmt frCED 
bcnd tict oiUn co c aaticfae ozy c^ od of t xoi 

Ott 1. In oil of the aba7o it t' 	'l3 be not tet 
tuino oro ccurd from to Rinrar o? hcn4 tic2t P0Oiicfl 
after he 13tcoi ctirfcicoc VO bec }Ira':.n to cth'r uit: 
fitting up bz,lte. 

fle thlohcn €tool ao"ci,y po tc ova t that it t 
not to ooticai to taco fin,-,cr or btn ti >hthocio oo o roli&10 
ctCrttC c:oint forr-nncur.nrj tto 	in of to -wt3cetco 
of ttho cffcetc of 1cn c cni dirt ac l tod in tt'cc1eq 

It "no difficilt cnd tics c €in(3toe-ctc .inc err xnd 
ti j-it pociti i. utIenercv ctccl orcetern obScete I to 
t1 atcnins bolto by hcn t; 	twos hca ict,cic Vr1c the c 
c vai3.nblo to io the or:. hc ncc•3 for cotobUchinr a 
bcttcr o rtin point for £"t. C Ct'C CO9t1C t3 Clc3Vl7 
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m croiw ©x ctArc to o c lcicn do 10 oa 

a 	4 ut tothoa ti dc UCO WQ7d to i C C t pt'octicctl 
caf3 C GeO1O '310 3it0 QE'a MDUCd tilt t,. o nato 
otnincd 	t !Chrc d tw uo b.7 ic4 g 'ACA OPIn fi iO nn 
dam t4 1t U0llC thO ,a")QCt t? 	ao n mwt t minor' tO 
al cut' cu2itait. ` o coot vo1o.ab$o otc `tth no23t0 gam' 
cCC ra&i co Gciznt of turn utltl $oa to Lz t 0t3 
c t fl~G ,cn~► Sio 4 	(3# pocStlen go natwall,i tL~ c to ? the. 
3O he d tl !t pooltt ; thom'Vot?o0 1009 cø  i1 tut i C 

10 4zl A s2 to SSG, t x b1t tofl ;o po ^t' tc oloc 
tom^ -ao W2.01 turn c2oo tot tho r_ : ~t off` tu vlvCa 
V ►M 

 

t0 C3C 	tf tl n7tV.00 	2/13 to OA9 W i 	el G 

L' .t (lA otav c 	3li) lcnf3 	Vt.c cc tt Of tar cia o 

Ulm to e orca £n map o ' tho L,lt. 

it rxy to CCn Lnm that CO c1ocz cw 4000 
not t uvtto tole c a1c -,QtL c c 1 to to p tQr of U10 
Coif tuxa. Tho oe gar 1 o1coto to loco the Chic ci . 
2,o to c 	O 'obI ' gel? d$ 7 30 . tOlto. cat ccoho 

bolt V10140.0 tho cWVo toWcc2 o1 ot2oi vo 1oo2 cotoo 
c~nIO-ora , 

 

10 t. 	*i coct o that ctc1 tho a& Catic' 

P 	 cod bytam rj tho mat 20 Aoo tthn C3 at' co 

:Aj tc3 i O tho c1C*3P C gOE'CO volLOO 0Z3147 ' by obo zt 1".Sl 
a9" £ o O. g.o1c vnkao depc n tc tho ropo Of tho cavo. 
n oct c+o o , cameo 7O11nC occ.wo 	of a 	(; .o a~` 

ntc'i og c nut :c12 not thacnco olmlflemUp o 

O r~ )tMC Cavco0 

It Ac 	 of duo to tho p tc or  o2 thol? to CI.o9 

by ticza a cat- r a bolt to a 6-o ' ntc to c10 D it a' -.'V1 . 
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pocoiblo to p *c as tmott tcriw 	.n tho bolt ¶bo c 
bo actoicA bb note rn o1ny opcnnor c: fi a opinG 
1 	co. tat to to o 	bcoco r potctiøria11V 	ocnioto 
r o' od'o • Toga 

 
cc too hav o,cgoo 1 cn aoctcnc t 

Oro t2ao17 uc3G in t :my £ 	atv$oa, 2*47* 7r thoy ccn bo 'aco+at) 
bootiov r,) tho rootcmchp curt bo fotm0bott,cc, tbo torqio Opp1 
to o ntt r d the tcnoio ttiQh 	In the bu t0 

at .o thcoateaUi ponc .b O to oto 	a the t)1?Qaa 
roui. od. to Paco gay a oclec bolt p c oS.ar In Imo of 
bolt cicznti+na end the cooffo of friction botuoca thrcc10 
cu the nutboor rj taco, .A Dlatio ao bat cAv am Roca 
i ►t,t v"~'L m CiZ1O ractic 	1 

Tiahtcnin Oho r o ,uo eueff6 z E3lt $oa*I r t cc $$a of 
t3ma4„ 

A coc2cnl,17 aceoptc2 valua for to torque coaff,, foP 
8 	ccoa 10 O2, Ac 1v oftca the acoD V ?iot2 ciat 
co tho Zo, voo the rd ..abUltg of o purolZ, tbco ati+ . 
ap ?oa opc to quoctioi. 

►ca+ oo no ci as CO of the usoz t dozio bi the 
opezotorvhUo t .&tc . g the nut ccii bo -loot in frietic 
it triUU bo c-ppmeiatcd that a vaplotUm in tho scoff,, of 
fftettu or in the ra3 o 09 Moot for either page of 
UatlnC ci rfacoc +jould rototnc1ip effect no rocltciit t tc i 
in a bolt foE cia ¶a2ao of app3i to o. ' czmco the affoc Vg 
'a uo of nuttooccr cvaco10 crcator thm that of nut 

oit4 talt %voodo••D p inaccuvacZ? in in ec i fact ro of nut 41' 
ucic1or ouch cicc of flotnoac in tho ab 	~ fc coo0 till 
boo o =oMoroblc of `cct on the bolt loc& Zt to i erafo  



cd-v1soblo to p'oauco a nut t1th tho s alloot p000iblc 
offofoctiVa intact rc .iu 	La Jana bv povi2ncj a 
rcco a 	tho oaL Lng area of tho wit cn 7ia bota Mo that 

At is rccod to n narroti r ot, 

With co cieb unco cint 0 it 10 not pDcibZO 
to uaa tho ab3vo rotation In pret<rzoiordnt3 under oil 
conitiorLc0 Rcn.  orçtio Urcnehoo t,ao tobocoUbrntod 

fo each lot of 1t at aech aplieat1en to dotorcno tho 
correct tor+ioto1on OU00 for that apVl1 tion€ t2WW 

ibrot2ot $a'' "oo ho bccn dooicnca c oai iotc6,* 

• EbthlcbcD cocL,cy b3L1t a Cai8'brntinC Oc72.CO u'.ath 
ecnojotij of 0 ho3.Iot r= cy ,i nor $nom of CO tO ea ac1ty0 
ho 70?o vim puila atc1not MO rex A0 l4C b7 a 
cbat t" frt o rkaic tare aaInot do c lin or c~nd by 
torqu1n3 m bolt hold botacnn the 7oto cad bottom Coco t1aGo 
the ,Sc~ to or3icc 2 by atrooc in the bait, t ad~iio 

G .t~ 
 

rccO.Lnrj total iocdq Lntcatoo the t 1t tcio10 2i1oCtl!t0 
A O. filar device by enothor Cite woo 	ctnl and thotn io 

forcicp, 

The c Ibra od mcnc aothod too toed to ti p 
no rm r3.11ion ht otrcnath b3lto all over the uorid an 
Tina CUCCO rrfai deco focrov siilcd r ore required to do tho 
troCizo Xt 1fO'd to 'O cC Onieai and P etiea1 Vbtn T ito 
an n job zero calnly of Coco diciotor and a ro LDctoiy of 
oc o lcn t- j two roquirktg only one torque tension ratio. 
t1 ►uotror,, At becnao quite i ,racticoi for , ointo rCquiDfl13 
tiffcrc t also boito Uioh cost additional ti n on. T o 

I 

ovorcoeo thio cn od$uotablo friction clutch device t,ao 
dovolopod tih&ch aid bo appliod to the i pr 	t a u 



lb  15 

rte^ ps c~ 	: cc corm =5 	tt c coc%c o 	n clutch 

lcz 3 t c uctc2 tD ell c pi occt ' t*rc 3 r^tl v ;212 
:o1'_' 	ciuozzit 1L17 to 1L1 	G ? itc c 	gar 
tom "Q C2 tz c2 Mr C8tX v cCz G Its 1sO fl C13C0 

c olv z1 	c 	ri 	ca  1.c to 
pvot'&m 	x t oc dco1opci a tUt4 ctzo1 mcndav 

. 	_ 	I • t fr o 	cccurc et -rPCCITICS torçttcri. 

t 	o for f Ld a- cc 	t2O1 xcc2 .tong 

£ occ otm S cico t Io t ctgnc c Et 

co scz; £' 	1cttct c 	tzlc o 

rr o 1 Gc. cibcctotS to 	cza1 	 2cg 

of Z t n on cd mac Of bolt cc cc t3itc r d a ct A 
t 1r en oad +nit for otkQV t l a. VFrl cjcriet1 cccr 
pQtitci+ aQlCtCCttOZ3IICO C2 the V3 bzUo vo 	cc4 

CO U otc thoco b3ltc, for loci o cøccc Tc3ci1c eIcotlnC 
: n 	o trc utvcu±uon tccc# to°nrg M ^ to c the 'lilt 

'.~'. EOM UCC O CCt?2e 1 Ctt?C±1 C CO to 

4t; cQte to 22tcc of a 	pt ci cccc tttc  
t, silo cio a n the b 	of c tz ltc 1 to t, Cc c tc 

of . t 	'. , L3 t ' `.4b,1t 	C 1 an to. tcU cc c1 to cicpc 
Tin 



t. 2cc ct.o .s tIoto ne 1 Vic+ ntia1 
tcn l=- in a .'t 	3L' of `lvtD bJ  caCc.3►'tnc thc ' oco !►toco 
is thci 1cth of the rCctc that oc iircd t.tcn the tc-.o$ a 
ono pc1iocd. A he tcc4 otool pin cittcndo f throa a tole 

oach hood ad fitcd tlrjit 2i . o bole n tho c1 of  tho 
rivet cc!- 	 cuch, a cct c' that tho pin zoc Vth tho cad 
of 	 Thorn i-nn a czaU hole in tho ou o' c a of 
coot r that raceiv o ooaicaI point of tho ct cnt uc 
to eccua tha rcvcco of the riot . The in ott nt A An 
a C-» ` c bcv1rj a c ccl post +m co c3 c a DiC2G2OtOr 
2i c the otter c 1. "`ta Simtrzcnt ;ac etc vc-1: 1Z C 
no aeto ba.c cm the crn5cal point in the up ' -In, 7i o 
c4 i2 wren c2note; to O 022.1  m l *.hc not 	ao c cc cl 
nab t u 	r cf v each cot o ccLz.o. Tt to 
vpoccca tca* e bw c i & t 	it T.:Lro pica Door tae 

tithe? In a natct tcarcicE'crte. 	1 burro ford 
?O 	1f3ø wart t&cam 2.n Orlor to ol.aIaato Go far an nonclbb .c 
rrc uc to terra 	cci3 o. 

L, v 

t, 
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xorquo t'rcnchac thoi oai. o tcko 	r 6iffor t 
foro0 co o1cm1oot of all boing tho taco oponnor0 In 
thia typo tho hcxzdlo io oodo of flouibio gate 'io1 cn+ it 
tyill b3 upprocic tot. that tho of1octio of mg pant tt1cfQ 
tho bccj 'uJ11 bo p opPtionQ1 to tho toqzo at tho opc nov 
d?ivo oqu s o, Thin dofloetion is 000CaZOd in =y vnyoo 
oaCo by u ri.3iV pointa' that to SiioG to thO mno1 bcaa 
t M Moo othot' cna Io P'oo to tovo ae on n oca3o0 1n 
cm b coc th2o C up Oro oicplo toolo ci4 0Ia on the riholo 
faiz1y dca, 

17Sc,0 .6 ehouo coro dooicto of ouch t,rcnehoo coc only 
uccc2 In so,Iot 't i ,a 1 oviot ot[tvdo provi+ fop * throo 
typoo of urcnc zoo tith cd3uotablc 	 'quo C '1thin 130 t!i2 200 
KO c ) 

o. Ol®o vroncboo 
be Lon txrcn tot ad ju otod by one op sn 
cc. Doll ru nchoo nd3uoto+ by ttso op1ingo 

For a eoro oa ►clo t h d zr, of cum onehoo uoc~ 
ccn 'too ae~lo of a+ cep ro onc1 o1c chacab1O boo ca 

i~ otho1 typo baieh lo dopon(ict on aofzoctian fez' 
Ito enr1jno monor'on the tt-riot in n pin Thlo In piei+ l,p. 

oo ca fl at one cn to tho bead of the trcncbv the to din t 
bolne ` uod to Ito o oratd0 ho tiot of o icn Icnh 
of tho pin Sa ao ►ifIc by n an inoi o the apcnnor hcn 10 
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and this operates a clo& aechsnism. The Clock on this 
typo of instrusent may be of contlnuousreading kind or 
may record the maxim torqua applied* In sano cases 
both of these facilities are incorporated. 

One disadvantag, of this group of wrenches asp. 9  
when dealing with large torquasO  is that the leg of 
the spanner Itself deflects, as in a boas Wrench and this 
leads to inacouracias. This fault has been overcome in 
one make of wrench by having the handle ass separate unit 
from that of containing the magnification are and clock 
eachsnisa. Here, of course,#  any convenient shape or length 

afo handle may be employed. 

Many companies fo*% that dial reading torquer wrenches 
throw too such responsibility can the operators and bspsetwrs 
for general shop use. Wrenches whites can At be preset to 
the required to a on a test d*aitting rig are therefore 
widely used. tools of this type have a aechanisn which 
prevents the desired torque bring exceeded. A typical 4*xWla 

is the Aerator' torque wrench. This has a can device in the 
spanner heads  out of which, a roller Is forced against a 
spring in the handle when th+s torque on the can reaches a 
sufficiently high figure. Mod on the caw Is a normal 
socket drive pegs  the spanners bring available In various 
sinus for ightmhafldid, left4 dad or dual operation. 

For torques of 3.000 16P or Soros where it becomes 
impracticable to use manual methods, hydraulic torque 
generator* are available. These are specially $ad r to suit 
individual caste, e.g. torque, loading sir craft propeller 

:L b 



 nrovrition to# ccg,t,bly Z$ .no pr'aet1eo D tthiet Q, .' lO 

a cortoin t o ar44 of torquowlo1nia e otot .oq to tho otrnc 1e 
Or oc'o*r OV . r0 VVo ao bwo a Vb 4 to that 

UD4d in a noma . alp oporato6 t ill , tthith ri n tho coerot 
or acrcvr d'to' but throu a op'ing loaded ccutcb imt0 

Tho co3pr000ion of air 4pri(3 +pan bo a63uo t to OPy. tho. 
tvt'quo at tihleh alflpp2n j; oc rm One of the DO fl a6Vantat30a 
of this tool to the ( oat opo ! faith LC : ltWO fl 1' VO 

of auto et b ti tcnoc2 but critical aa3uatcitt of the 
torauo 1a fiiffic It CM4 unlooc copcwot2.a j3 unito are fittOto  
the tool Sn often dependent an the factor r trip line pro ocuro0 

+rr4 of the croctoot problcic uhich erica tth thoao 
tools iø to knou the rolationohip bot1sot the fiend , torque 
an the nut iid i co pronot torque at the olutab unAt0 Tktta 
unit uc zallr cot by bcnd to broah a c.cva tvrqu4 v  either on 
na or with a torque rcnc 	tihon Sn uoo under poior both 

the nut tenor a a cnLcacnd the nut arc tvavollint at epode 
cn4 ihct the nut Coats trio 	v 0 torqUe t tU ha app Uod 
duo to coattut offoct 	aaditton to the clutch unit brocidna  
tors►, 'bio coc anc effect vIll naturally depend upon the 
mono of C OV t3 p0Ita D  the cpccd a,t which the nut to tvavollin8 
Baca It carts the 	end on the rocilion co of the aoucbx.; 
'o the boat of the aura 1motict2o thin pvob3.cD has a4 .L' boo a 
otudiod In . cry dotail D  thouh it to fully oi,proctotcd by the 
rnanutao rora of the plug  " Dvr *d *►to ta" that t.o, hero 
the nut to tichtccd unman coo conotcnt ro trainina fence 
ouch o4 •e 	coin a 9prin uao quoted by one oupplio * bo ,tj 



I 	3► 

For further study on problems 1 vo1 d vita use or 
adaptors and 'has d.v.1opsat of :s esg. tpx • wrench fitted 
with ext.nslon sections and a devic, for +snsurin co istant 
position and direction of pu1L, Mss reference 



as low as 2/5 of the " Free running torque" v'hsrs thi nut has 
a lubricated tree, movement on a bolt of sufficient length to 
allow the equipment to reach Its saw speed before, the nut 
sects the atit®snt. This does indicate that pneumatic nut 
runners, at least or this types,, should not be used where 
.curate control of torque is essential unless extreme 
precautions are used. 

. Thor* are s y other types of torque wr.ncbss, torque 
screw dsi rs and torque *ultiplication gear boxes, each of 
Which has Its own particular merits and they art manufactured 
in many countrice. 

As with many tongs in industry, bowevsr;~ standard 
tools can not be used in many situatt s and torqu. loading 
is no exception. It is reported that the majority of nuts 
can be tightened by cossrcil equipment  ' t that oecassicnaily 
due to accessibility difficulties - a problem which presents 
itself more often the repair Wort has to be carried out 
adapters must be used. Unfortunately those irttvoducs further 
complications. It was found by the do Havilland Air craft 
Company during investigation Into this matter, that Whereas 
a torque Wrench itself may ke r within apProximately # l% 
of Its sat torque, tolerances or : were not unusual when 
extension section and spanner were unaltered. The dssI 
toierancs on the figures quoted for torques loads to be applied 
on bolts on the assembly line was tl and It was therefore 
necessary to find a remedy. 
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For further stud t on prDbless,  involved with use of 
adapters and ths d. v,iops&ut of .s c.d. togas wrench fittsd 
with extensionsections and 4 device for ensurizig constant 
position a n►d direction of pull# ass reterce 
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Ac diocuoaod So'o,, tho ocizco  of tijhthooo Sc 

c p cto1V dopcn rnt oi to Sudecxit c + annc'lcnco of tho 
t oc1it to. It to fi xo fool of bic hcnd thot oCut ao kilo Jud o 

.a Pac o of 	oaoa Tho O ao oPT>1ACd by head Vc'&o 
+ + .QcrabIg Sean opc otov to opo'ctor .raid the of fo ct of ' .ho 
Ao nceio o7 c3 oz co it the t Ito oro to to aoccmblca with 

c 	aoa .1 Cov 1utxc3tinrj c -: do4 pia Ana of 
OnrVrP f3CCf in ttc'itCctc Cc j n1c IoVO 0 pronounoc effect 
on hhic, The v1nC c 8 boys cpcnovo pro4410 ro'o perfect 
Crap off' the nut cn( a3 cio1 a tcn C3 O ac Q )arOA to 

1" thct C G'"1 c o, 4' 9C pperato ? fcolo I t°O £1G2o •bi .o t Oir1C 

vine ci6 ta3T OpCflflaro cfl oublo cnd car c l.3u rtablo tic , 
cvo bon Q no chcnceo of opc ev olip in the forov' cocoa 

t 	CI inat711 opoLntor (3iUC1 a lorac snunb^r of auto to 
ti tcn 4  coq coolly vary the torque thich he cp lloo throughoo 
out he t a  ctcndord lc otho of ep o'o tor not hole to 
cny Grant o itcnt boo.au co the 'aovi atioi of phyot cad, otrcnCth  
frock co Opora of to cnot1iot Dcducoo Choir of focti 000, 

CZporicz+ec o1co Chow that en avoroGo tor'tr cn in tihhtcninC 
up o t31t !CIO little hc^d to the proocu'o the 3oint hoc 
to oat-no cn caabocqucntl7 but ro alctco hic of ort covo or 
loco oecoratnr to the oaoe of trio bolt„ 

T o in vo oti ra to thic problem to onporlo+ n tally the 
the follot2nr t rpoo or Coon cornerclo .1y ucot9 a'cnnor0 
arc CCM10V t hero in ti tcnlu[3 the b3ltos 



1. ib10 " : 4 cpcnnor 
2. Rtg opcnncr 
'+fir B mcnnar 

Adjuntoblo cpennero 

Thoco opcinorc of otzrn and oit oo on ritpp1io$ b7 
tho amufacttu'o ' ltd toi dAmntI.o c1 dotoflo ti?o clvcfl  
In Tho QpDc diu, 

o ctu y tho offoe of tho Gf o of tho boa o' t uo 
of SnitIol tc2O1O, tho fo11ot 1n £cpVOCc1tot7O olCoc of 
tho bolt fcir4i, oro colet d for toot n js 

b I Lnd% no al dcootr 
It* S/ 3 Ind% nodal ii.tsotor 

Li$. 3/2 Inch nor inc1 dLzotor 
V, 1/4 in i noizLna1- dltotot 

It La Colt that b It lencth boo Got no Lnf2zcnca an  
tho thittI t1& tcninji 1oai p cx d co no of fo + hio bQc. 31O 

in this d iroctjon. 

' To Snv00tiCcto tho offfoct of cpcnor typo cn4 1t  
01130 aa. ti1tcn&fl3q  ail tho four oiioo of bzlto aro ' LthtCnC+ 
ulth occ 	pc of Qpcnor t3y ono oporotol. Ecc Oporoto 
Vill c xo 313 tiucnintjo. cuo1itotLio ac .o11 an quc t tatsvo 
cno solo can bo no o f 'oo theca ob mtioiw. 

To 6atow ino o rolotion chip bottioc ti tcnirtG ciao 
bolt cica rid cptnnor t ►o#  which tsL .0 rcprooc t broadli but 



tho Rio o ca hr. le poim1oto n tho country,)  
o voi,7 1a1Co nwibor of oochcn1on from tho Vcvl as ►orto 
of tho mZj?y cotU4 bo tacose O1nco at thic cazct D  
tho nc t x of tho otot otaco1 aiot1t t 	of 
f1oqumey Oo OQUO f D moan voluo o not t no °'di tho 

Oot3plO v3uo thich uiU tato17 gopxoct tho ppu1ota 

aonnot bo oo ptcno4. chln(; ouci1O'b$1t 7 of two ot tho 
ru st,  o cpoco1 for tho °io v  It vas + OCUOE O toot 

floatli 200 apot)ototo ot VtVIOUO Vas- 	o Of # o o t 7 t hu s  
At lo I opc till Clvo rooc .oblo t)op oc • tot ci of Rio 

populct2oa0 ho tot ictopo tQZO toots OVo c32UCtO i ot)o$ 

X10 tIn2iot'OLtT °Otc O , melud a oporotovc f ec S7C '` mo 

Uo ccat 	1nj 11ocoorch I mitts vo SIC O! 2.nc1u$.nc 
of ctura].6i oAac. 

C 	itc3V17 Uoi-achop of 1CnC1 Emainoot)2i%a O ap , floor oo. 

` ca t p o of t1toi o is aro otp1oiu in practtco 
for diffovct oltcotczio0 Thos arc, . 

I4 Grow or t2oto1 to tlotol CCItCOt 3ointo 
Se Jointfl tiith flcmiblo Coc cta 

Xf a bolt fcotc o to patto UAta a flc &blo goc±ot 
bott cc tco  o ccrllor cffort 10 npr1ic In teat) not to 
aruo& 	to goc?lot tri8 ,the Anito1 10CA ttlb bo cur cocllov 
thci in tbo eaco of 1OtO1 to Cat31 Itoot SoAntO0 In the 
?roccat totting only rx3tcl to octal ccttoot joint in otpboVcG 
cc there Oro in 1ucioro3.bbo sari t$oo of (oC:ot cvoaobbo in  
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fC £Ja LO rWhich p t1 bMM tho tociflC of 'tWr typo 0$ Sos.nc 0 

Zibv1eot.or. hcw a p tmecd offoct 	 tho ttcnC 
IDUgUoo Co .t go 400l tibia to boar to codS.tIo a ' 3uhect c  
at inoca c1L 'QCOQ t3ttYCon nut C2 O1OQIt 	tQCt faCOa 

~aotuam 1t hoc& ci(3 c1crnt + twat ?acoo I.& tle 1 n oil 

tho tasty to Got e 	Ot^_2t 17OQ1lto0 ho t1jO of 1 iCCt 
010► tray ,vc to 20C1tOo it is 	iEA1t to C31tPO1 tho aoc oo 

oillub'ae3tic cad a1c At to not ?OCL'tO to In o3z ct ail 

21i t,^ AnCO 	Catual proctICaa It t7no Zoo c2 to tic t 

tho z1to 6E, b 



t oQczwccmt of tcoton lardn tho bolt la cat 
L't t In Ia tact rj. 'tea aecatocv tic ua .0 Ana aoSicic og 

of o pzocrrio Ia Ca ,adb7 tho &.oleo of a c1tab10 
QocboL To pogo b1a tcimquoo of Caczzoc3ctIt Q$ -► 

I* 1cc SCal 
2a tiocthcn.ca3.  

aco C (110 ui coL b3loti In dotol 	lm MO ." 
'o1atio caitib1Ui o tho pooc71t toot ni3 pro oz oo 

qiWA 

&a tocrnciw 	r1 roa tho tiro of a1Oot . 	of 
ccucoo. Tic ate ccucoo aso fAiioa on tho b3it tei or 
tho t,iocod o1azcat c  tho ot1?on on ai az Ia neto thilo 
ae t 1n tho nut0 ' maa ot1?o&n la that caltc4 t eo at 
1rnota alaal ado AD otutod obovo thoo a'a two +iayo of 
ut iI3 tho O$raln U,GOO$ .. 

no Gtian meoc on bolt r ►t c 

b0 Ctt'o C;tUCao an Clr. cc olc€ ta0 
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Xn thlc toehn&quo ►o o pain L ucca a p.tct cmot~+' 
bolt with fi oIz 1CItu&2Ao1 cZOB p1?QllO2 o tho bolt OUAO 
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zit an alr. Gor$ " opt► to oAAoo6 'T'3 caulO Oro ucca 
m11fj o of foat Of 	O: 	f CtVI  fir, 

CoQczcit0 "Mona cceoc co canoctc2 n tto oppoelto 
n o of a G1 	to ba oa Thou' c 	t oo ccnnc t tho 
foi cjioi 1occ .o 2oub1c tat for bn&nG otmon £ o so o 

Thoco crjoa oo 	ao .MAco co tarok . o occoo. Tho  
O ol" tC3 tx 0 of tho b11Co 	bo cnj7 UCi,V o$ tc 1 EOOLOtQ1COOo 

ho u b1rj.ocs.itco from tho bdo Lo fc to tbo oti'oa  
n4le"ato tea notoc tho Qof2 oot 	or iotouo t1tc%crnnco0 

o not otopgo fio oa1lbrato tho o bolts 17ov to 
b ltc or ocm t 2 tho e1toa VAG Inc CD 	drW cO 

t 

 

ttococ1 c 	20000& in tc nflc st too tuo 2c..n o 200t1fl13 adil o0 

'tea o occcz Xcict Of bolt 2oc c c ucu O 'ice tot occo 00 

of tho ctZ?afl nLcctoz oo notc cru8 o ccpi botu0 ► lent cuu 
dof1cotLc o dvot . 2M floo ors coto 

O 3tO OLO of tho O 	OiiO C 4 OPO 	OC1t O O: 

fare nocg to bo to c4 toQ 'o tho cbotonrur o 

Z,o ooh 	t 	t 	c 014 X of tioc ti 

ot'o c tro40 Tc!Z C tho nwr r' of t1to to bo ttt Ica 
c &t to ooca thot u Xoco mzt:ibov of ctc2 ccacoc 

o tiro k '91 1t of p 	. ij 0 lobo nuobor of  
ot'oa .corns cc bo pautlo117 ovo1oCO b7 pootftug o otr 

U800 C to cpcG bioc, 'hog ioczo o 	4o of coot 
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£.a t 	to th a 	o1oc for tho t1t ct4 t,cwtUo . 
gaca cma wfcon for Vto coat J3 Of bond 00 t* t c a 

fr 	io cupo cold To no nom tto b t cn.o as 
pocclb3.o to oc co r to 0 	l%2 c otroco c ra D IV 
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'4 cC ca ccrtr 	r 11ci endrotc1 eDrrcCt to2.o booco 

' to [rjroo cro put cm occ b1Oc pciro11c2. to halo co 1t 

PIMOo occ cme0o of cc oc c 1 a Wit. b.6 

Oppott0 cro car2 	it fc2 to tho of s 	d$eotor0 AND 
to tho 1orro ctrooco 	c In c 	DooLa Cho'o doll to oz 
UUt to 2ooc 	of ' f O 	p oo$ccta co boo output  
to otrc Indleatar Tho otwc tw o ovo panto 2 ±cam a 
b1oe c 0 ca for 	farctt bolt o$ha 0 c + Co +31 0 caucoo 
Oro u ro 0 

~.' 	s 1i..a i.~ 	■ 	rx~ 	■ ~'f - 	'wr 	ai r■ 	~a° r *a. :a's:•■ 

l a *1 ffi 4t to c trot% At Ao thcait that tho 
10 cAt of vrg occ4roto 000-06 12o tho o c rA+ l cO 

£o ta000cnor7 oopooAol347 tic a loco otctotteo1 bat 10 

DUrto ot tc of tho I It tiIA10 t Cothti MOM 
1 0 12of !$to £r.e0000 L, w it 1ti h. Ln7 Coctcn1eci 
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hasps*t loading is not encountered. The latter r.srdy of 
asking threaded portion wall is followed here in the 
present testing. Not core than one or one and a half free 
threadsare allowed at nut fees. 

The dis*øtsr not being uniforced, t e grip length 
I as it is, can not be used in calculations. This has to 
be modified for diaaeter variation. However by adopting 
the sass proesedurs as suggested above $ this can be minimized. 
The uncertainty of load distribution in nut, "banding of 
threads and stress concentration at root also load to incorrect 
re sOlts. 

L,  	W,  

The simple  iicp3. and aeanrate method is to calibrate the 
bolt for known 3os4sw 4 relation between bolt elongati ► 
and load is found out experimentally but accurately on the 
roman Universal Testing Machine. 

The bolt and tut,  having the stressed portion exactly 
equal to the length ► ased in testing is put and adjusted in 
the calibration rig, specially designed and fabricated hers. 
The drawings are attached, This calibration rig is rauntad 
in the jaws of the testing machine. No pretension is given 
to the bolt. The machine is run and bolt to loaded in pars 
tension. The bid Is indicated on the dial at the control 
panel d. and the corresponding elongation is measured by 
an extansoaltsr mounted on the pins of the a... s. strips bolted 

to end* of the bolt. 
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After the spz'oath to the problos is finiliad 
and the testing prose Burs is forsalisod, it is now the 
suitable desilp and fabrication of the test a pairatus vbith 
In to be looked Into because it is the latter which bras 
the programs successful and not more oral plan. The 
accuracy of the apparatus d••pnds upon the execution tier, 
the saa~trsoy desired of rojilts,, workshop fsci].itios av*ilsbls 
and last it not the least the tinaneiii resources. 

In the present prograsas, the test rot up eansists 
offs* 

a. A nuaber of bolt* of different ogees. 
be Elements to be c2supo e 
e.. Tightening devics e- Spanners. 
dw $oalazr'ing device $tcroaotorp Universal Testing Machine* 

Dlai gauge, Extensoseter *ton 

As stated earlier it to no* generally recognised 
that approximately 90% of applied torque is absorbed in 
overseeing friction ( 	under Brut tearing lacer and 40% 
In threads ) leaving only 	of torque available for 
ernwerslcn Into clasping forte , . , the 3eint. ' This friction 
factor is effected significantly by 

I. The material of both the feather wd aamoab17 components, 
to 	 ---- 	._ _._ 	.4 	._ 



• 

III. Washer and Nut tharsct.ristics 
IV• Condition of threads 

V. ?3ni or plating and fit of Hurting threids peculiar 
to specific dasii situations. 

To vi slisa the error caused due to even slight 
thongs In friction factor$  consider a bolted asseably b.re  
1000 lb-In of torque Is spplied to tighten it first ern 
bolt threads are dry and secondly with slight lubrieaton. 
In first case If 900 ib•in. it coned in frictions  than 
only 100 Ib,in. In utilized in tnsioning. In th* second 
case, due to lubrications, say 900 Min* Is used i friction, 
then remaining aoo u. in. to used in tensioning,# It is soon 

that for friction torque to chen ge fro* 900 lb. in. to 900 lb. in• 
the tensioning torque, has increased from 100 lb.in. to 00 lb•in 
that st for only 11% change in friction, there to 300% change 
in resulting tension in the bolt. This stresses the need 
for keeping the conditions contributing to friction consistent 
and under proper control whil, testing. 

The design consideration and their realization in 
the shop are discussed bore in detail for each of the above, 
mentioned test components* 

The bolts with different types or threads are used  
in practice but the most com&cnl7 ussd one is Whltworth  
thread c' to to its strength and folvcureble stress condition 
at thread 	Rene& then mild steel bolt er various sixes 
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tO Aaao Effort ar o oido to to tho toloo onoctl37 in 
tho cc t o of tho bio a tocentricity of holo uould 
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of cc c 	co 	uoa Thin t,auld bravo bocn iportcnt 
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tt o cAld otnol of po VIM oidoo fi .c6 avo tio1c1oc an cameo 
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Collb cttion rtt to a dovico for cunt is tho bolt 

in o t ivoroa1 2 aot&ne t7oc lno for loai2 (3 it in piwo 

tc noiam cn ahoy tho Doa 	mcf►t of bolt o1OnCotio bo 
Di0 It eoncioto of two identical patron each pole bat1nC 
tics olcacito. Ono olo acnt In a cup chapod nut t ith a Grill 
bottom tth tic tho other in a th 'oo+ ad plus, tho unthrao&6 
portion of ttii o to cd dote to a CQOIIOE &ta for to 
fit into the jet of tho tcoUnC aachino. Tho bond or the 
bolt in cc23I3ht In ego PL$t rth110 tho nut in tho Other OflO. 

a t1.3. otripo ioro cioldoc to tho bottsa c arfac oo of tho 
nuto of the palm, The coc►otic bacc~o of the dial ccugoo 
voro olc rod on the otetloaar , ct2 coat end tho cacao opindlon 
pm0000d oCoin t thoco otmlpos Uhc n bolt tiao lodo&o the 

diflomenco of the rood1nio of thoco moo~► dial ccaoo Oavo the 
bolt olonr abon o 
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` &o uolly cd bottozi of tho ccl1brct-Aan ?1Q nut 
,cold tmr do Morally thic to MlniEir3o tho offoeto of ' a2z 
co loct en uri or lac o. to adIngs, Thai thin bottom 
t7oul k oTloct 111zo o: ccntXal17 loado*1 plaeo end caenco the 
alopo Of the ctpipo rocu1t1nc in or taus '1 `oc ].to. The 
beow1nt3 fococ or the butt ao of PAC nuto t o meth 
ea&afullL7 porpcndicnier to the bolo of 10 end nuto ento  
lino to proud oc+ ntvio loadinc of tbo bolt The bole 
Glr tc1 vac tzo of .c tly 1aTC4f then bolt cotor for 
cd, uctac to The rice voro fo'rcd end ocic2ncd in the 
t . loo,city  

For paro tcnoilo loading of the bolt 1, the bolt a z2o 
would bo in lino vji the locd i(3 orle of tho eac inao t rc 
a littlo ace tLicity ¶iould 1n lvc tilting of the vie nut 

+t m cid effect the dial toc& n o. 

• It trek found that thin pactico of zc ut'in bolt 
oloncetio .t1 .d not to ; veil. the difforcnco of dial. acuao 
'oc,AiCo uric a C fatal of 'bolt ol+ cUcn, doflc ion of 
bolt throodo,D  deflection of ii ndo and sic3 nut btt000 

The1ot Qici to of g at ripe cloo ciffootod the voc6in e 
c o1da'ablly,, Y hic uco ovo?l c Owin g the . do of int3 
of tho via* The dofloctioao of vie cndo and i'i j nut batter 
do o cuct to bo cci8o no llj(3iblo bit providinrj ac 7 we c 
cacti nc, T3otia r thin ind$woct =mad of citnolan coci 1L'o 

me t did not cuccacd end coo c tVcct c o ode of cocicz'cxxnt 
Unc COU1ta 

PO tb o pnoco1, tto rootenu2.cir i indosc vopo tithed 



in oos gia nut to ha vo nccota to tho bolt on Qeeoo. Cr~4il 

holao ecro 4rillod c 6 tnpiod in occ faro of tho bolt c nc 
110 D. O7t1?tpc U' 0" botto1 to boco fce000 Tho ohor COQ of 
thocc ot'ipo er o out Of thO 	nuto ' iu[ tho ti2i(iouc 
cnd CC ricd round pina. Tho Imifo oftoo of tho otcncotto. 
tYoEo 2irotl an thoco pino. 3QQ11 uos oro troro rzt uno r the 
L. at, of i afl to ttto tho otripo unorfcetca bg cx11 &floction 
Of the bolt bona&~ Thia toeniquo of coat arcecnt o?' bolt 
O1on t ro uo cd quite antic cto 11y. The ^novi ao d1ctinco 
of thoco VIGO ero attncd. 

ft 

o Opt o ro of t orio o oito ® CIO t poo to'o tdion 
gvoa feral roio of Nac-M ►o Lab. tat Ito v2nc cpc nc'o f'ol the 
one Inca din bolt tL 3 J ink iin bolt crlc not bo foui1. 
' .Saco o)tt*r o'o tIoso of oo1 lonotc ao py)UAC(2 b7 the 
rna ufoctuor wo o 2 thoi 	aecnoionc cro (31 	o op,cndin. 

varnlor to of ronco f D ' to 4' %ith loact 
count of 0,0001 inch vac UCCd* 
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Sao procod a for coriiinG o t the toot (prorciro 
in to tD o1ep100 eloai9 WotcontIc Mid prop r1V 1Q1 out 
iii:oc, ico the ilnol ao ilIto dopc d upon tho oitt iee.nL1ly0 

It uao doe1t od t toot ebmit 200 vorI orc from the 
' orlouc t°okhchopo 09 the cit'sy, 	ach T„t3E'i:lo' U0311 to vc $z'ccl 
to 	 c 10 ticoo at a o 	e"! c1 It t ac 0z7ce^0a ' .^ 

'?oti1f t 1io O ifi 40 	utco fOx? CC sl COLIZcv" to io tIc 	2iC 

alt lc7s3th r,ao to be ccoca ca accaeu o1g ' ego CTh1 a'Cc~' 
tho ti e-a enSnQ ulth to cIccoto' c Sch At tioo ootIzte o 
t'ot ld tc o en hour 1cfoo cc 2 cc to~.WW 	Ma C,~Ccalnoco 
Xt uco cDflClUtlOG from hic that ob ut 0 t;ot;icra c tUC tc 
tootea in a coo inr Oog of  	. o17 7 tobc 1 o 1 	Q 
out of ' ooa a t o to'o to bo toctca por 42~a,~O 4 Uould) toatc( 
ii 

	

	 o f1rot half of the &.og ctcad tho Pcat 2n the cocca J half0 
tIn tom the blo c r. 0t3lta tcoc1 Ittac fict # n1f dog 

coull cGoin be uncd 4n the corn d boll doq, t2n2nur of C4 
blo ! u trith bolto ionl1 thcn b 	iIroci of o tiro, 

To otov't uI t o the bolt anQ b$onc tct o olccce UM,i 
t Oi oo; ,o ijY saes l to rcca o all. tLacco Of QIVZ D cello c U 
croc aoa To provcit the aoc"a cd c rfacoc S 	a vor 7 
thin .ol,~►r of :;obI1 Off. t,ao a lIcc4 u~.th a cloth. 	c bolto 
c oso OAVI4o4 into G uuo9 oath c?OUP hGVk1C blocio of each 
oIso. Thaw C3iO tict'o c3zoi ADB,~C 0 ci 1 0 cMMM bloCio of oath  
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QV3t3*9' tcro 	tho? Oar-'acd frQc I to 	to dilfet'cT'i icto co 
'to a the O ot® The b1to tioi'o puchcd into the bloezo c O 

Flt tc nerc icO 1oocely ct thci. 

o 1n tic 1 1cricth of cc cb of tho co bolto tit o 

ucccmo l ncca:'otolp' vith the Votnicr etc otot' and ono note 1 
dot- cyctc t1 1y In the Ml .o. C eb t ►faor Voc en loci ciC 

o zc d Zo tiGhton the ' It, Zo to told that ho c of la Z1c tc 
tD to the eluo thet be Volt ro 1ld 	o the So t looco 

Ml ad U t, no coo oeltrd to ta1t 1/40 ttC f2rct Ica 
l/2 2/ ? cud then 10 eieo0 It taoO felt tI ofthlO c cncc 
CVO 1Ottor Control on tho phyoieol otronCth0 Ci c3 1/411 

20 bolto reiuiroc3ro of iUlod tbcn 	onth o the opertor 
luould ro loto the forco nptliod on tho opn or cioeod,thG to 
h1o' feel' r n4 eou1d not be tct ptod to t± t tI1t call forced 

t If the vo ter tit  ca a /4" end '1' 't lto flrot end then 

2AGOni 1' n ' ltn g ho t'oald be toopt 	Qp•; ,y core force 
bocc2co 1 end 3/40 bolto hod dcziendfull fo' oo 'rorn h1co 
Afton the do soro hod titenc4 tho bolto, thou lcnCtho uoro 
fl6Qfl ooacircd accui'otol t tii h the cicreotcv rxd uc a noted 
otn oon at the ntiol icactb roe io Afton the cca vo c t 

had bccm undo the bolto to uloodod cnd L•cpt for o,t boot 

en hour to Svo thee caffic&ci ticio to roe,cov to their Frco 
bcnothe Ac in the CCtDo holto uos'o tented for to new 'etc', 
Of 's 'L,O ~3O 'O. t. 3cn the C3011Cr bolto of W C $/01' C CO 
bed bern t1D tc cd C t1coo 0 the7 vc'o rowo Or= the loco 
end ronlnec42 trith the nci enmo Tho mn arotnt of s4t1n1 
lcncth before ece i U &fig c to noec oitatcd Guo to the 

pinat2.o Otraino, 
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Q j :cio f art or on cd fors I to 3 to di1fot'cctk to ago 
£''o tho o ovm ` ho b,1to vovo puthc Into the b1oetn ccO 
fl1to cc c ioG loocoly an thc. 

.i~o An Atio,1 1cCth of each of thoco oft o tiao 
moacmc 3 aoc21'oto1Y ttt a tho Votnier atcgyotor and no noted 
2ol o rotc3at .ca11V An tho Lila. Cach uoromp no eallodctd 
a cc Zo UC2 to . the bolto. Uo uao told that ho coii1d t tc t 
' c to the value that ho folt upc 1d oo the 2otnt l0000 
f1u12 t .Ot4 Ho cioo as!trd to ti tc 1/4 tz lto firot the 
1/2 , 	30 arid th021 l' oico* It Uao Colt that tho c:•cvucfeO 
Biro t3ttC ? control Ori the phycicol otron f1 . O +z 1/t end 

10° bAto ro ai O £ 3L'o of ci 1iod than U roact`bo tho o'r c otoI? 
Voul $o alato the forco op'lie& on the ncnncp aecort22nC to 
h1c' fcoll and tiould not be tc ,ptod to ti,C with ca11 foraon 

t IS 
 

the 	tIt2atc o 60 and l bolto fltot cnc ton 
1/'3' end 1 " bolto, ho io iid be toptcd to a 1, r co Sorter 
bo, c3co 

 
1" end 314" bolto had dcacnd+ 	a.11 f oo foo lag, 

iftor the tiottoa had tic tcnc4 tho boltc thoit? lcni3thho too 
omin ccoms-A cccu to1p t?ith the C1C 	tcV r, A c''. ?o noted 

to n cin t the InAt 5 lcnr roe$ncoo 4ftot tho Dc1irocct 
had bcca rado the bolto voo mloadod and tcpt for at boot 
an bout' to give thcz ca `flcicit tmo toroe3cot' to theft' frco 
Acn th0 1Ca1n the ctio bolto io'o todtc d Lott the ncittntc 
of -C tot' o'o. L cn tho Pict' bolte of /'3' eta I/nO c1co 
had bzici t tc3cd C t ceo0 tho 7 t~cvo t'c2Oc d ft'3 tho b1QC C 
and ronlaccd uith the ncM onoo 2ho macu'c=.^nt a .nit.al 
1cnOM t Lot'o ccc ttCtCnC c,a0 noccccoAtctcd duo to the 
PIo€ io otraince 



1 

In all 10 cwnnco ttaz'o roqulncd for ti tcn C 
but out of thoco to ?LnC opmnora foL n/4 c d 10 bolto 
could not b3 procurod. 

A ` oii tho obrvo data woo collo+c to tho t*lta varo 

tooted In aro tcmoic to 6a ca tho couibrotion caoo0 vio 
Ufl&voroôl 9 ootinC tocnoo ttoro avoticblo In antor1e l tcct2.nc 
lobo 0 co to of 100 tcno conac .t and tho o or to of 3'nano 
CCj em acct,7 but ud3uotoblo to rant,.. s oapoai q of I t t)d 
`hc GrApplaC davieoo for tho cocand, ccic io Toro farad to bo 

Cvd 

Zn to Shat t c i1 to o ottc ytwoo ocdo to nmro 
tho tolt do 	.on diiectl Yith tho help of iocteleci1 

dial - c coo. /o opioicd oor1io tho bolt woo ccught In 
t o i3 q tad Q ofldO of 	or© `3. ~, In o S n' o of 
tho ooeh2no. 3o'uorq trims uoro nodo and roci1to o ca od 

but t io' uoro not Iowd to be oa iofoctor r. I u fwd 

tho tho elffcrcnco of tt7o 41x1 l3otzCo rOcdiflt3fl L'hich ahould 

c vo bOlt olnotion coo not bolt oiomotLon al o but coca 
of bolt olo otio i , throod doflocUUono and P113 doflocticto. 1 lc 

co PI Ca Got Itcd duo to ocemtriolty of the bolt ousao fta!i 
c 	o io and occ ► tho o1i t t$ltbG of the riCo n 	eIob17 

offoctc tho i ucoa bo2nC tunced cot the mdo of lotIva1 + 
lonc otrivo0 

Tbia diffIculti voo owrcoco by nek*nQ coorurc:onto 



SE,  

+1t etl? o to ti 	ThO OtC GOtOr VCO C3UntC6 o thoan 
pino br'000a on tho p& 3oc 	onto of thc ri.t, oti'tpo boltod 
to 	 o bait cn ci. ''hic oyctou rrc► roc vol . top '1'0 ,, 3/<' cn6 
i/8' bolto tit 84 not vor for 1/4' 'bolt boeouco 1// 
bola drilled in tho c d ma10 it vrr voc So V4"  bolt v10 

tootoc1 tth tho p ovioui ctho& Thio cater tYo scd toil. for 
ioo bolt b3ctuflo tho diccotor of tho bolt Ic col.l oc 
+t3poroi2 i2th the rig coetiono end ioa 	It Io co o li 

that the other factoro b e000 nOC1I(Ib10. 

A aunbor of bolto vorc tootca for oac Iocxtor cnd 
tho aioroco valuon woro won c4 tho eatibration cur oo voro 

3inco '1'* end /4'' boito ore not loaded bz o id 
Proportional 1Irit thc a ti tcnot by troro'o, tho calibration 
eurvo viii be oc o for all tho ti3htcnanoa But 1/4" end I./On  
bolto ore frcqucrntlr loodod rush bold the proportional 1az321t.0  
"horn uUl be otra Ka cn. c of the eatorial duo to p otio 
f lot end o* one eclibrotion curo would not norm the purpoco, 
Calibration ourvoc for each of tho tipten2no on the bolt 
ore to be dro . or th2o tho overage elongation of the bolt 

Uao found kroo the collected Hato for ooth of the t1 ttcningob 
'ho bolt van for dcd in tha tooting iia .ino to a load vcro 
CttCto► in the bolt lcngth c,00 of tho valuo cc ool alatod 
for the firot ticbtcn go  the bolt "ao unioaGc8o  gi 	a 
lit tic root to cool end again roloa&d to 0 load Coro the 
elongation in the bolt length too of the value of ovorago 
ottcnoIon for ooeond tLtcning ae found from the da . Ir!cIn  
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MATERIAL— MILD STE:E L 
No. REQUIRED—ONE 
8 T.P.I. B.S.W. 

Eli 

EW 
UNIVERSITY OF ROORKEE 

DEPARTMENT OF MEcuAIcAL E GIWEERING 

CALIBRATION RIG 
SCALE %2 FULL 617E 
	 COMPONENT 

SCALE-FULL SIZE 	20-963 

A.2 	B.S.A, 
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MATERIAL— MILD STEEL 
.RE.QUIRED— NE 
T.P.I. .S.W. 

3
/
4  #I 

QI 

UNIVERSITY 9FROORKE 
DEPARTMENT OEMECHANICAL ENGINEERING 

CALIBRATION RIG 
TOP  VIEW 	 COMPONENT 

A SCALE- FULL SIZE 	20-9-G3 

B.2 	Q.S.A. 
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~6AIA SECTION 	 ~ 	 SECTION 
— 	~ l' I 	 AT O.B.  

1II4 I  

2'16t 0.0005-DIA• 

MATERIAL.-- MILD STEEL 
No. REQUIRED— ONE. 

T.P.I. B.S W. 

d- 	 - 

Top VIEW 	 UNIVERSITY OF ROORKEE 
DEPARTMENT OF MEC.NANICALEnGINEEWPI 

SCALE %2FULL SIZE 	 CALIBRATION RIB, 
COMp0N6N 

ScALE'--FULL 51zE. 20 -9-63 
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SCALE %2 FULL SIZE 
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1.66 - 0-0005 DIA 

MATERIAL — MILDSTEEL 	' 
No. REQUIRED—ONE 	 ~c 
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A 
3 'I 2 /4 DIA. 	- 

1~66± 
 

00005 ..._I?., 

TOP VIEW 



to 

O~lw 

2D 
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MATERIAL-- M/LD 5TELL 
A/0. t7E©D --- TWO 

STP/ 8.Sw 
U#X/VER5/TY O/2 ROORKEE 

4 

DEPT. OF. MECl/I• ENG. 

CAL1/3/ATl01V RIG 
cOMPO1VENT 

FULL SCALE 	2O-3 63 
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TOP VIEW 

SECT ~. Q~ 
AT A.O 

>ECTION 
AT O. 

Z•4 to•oo DIA 

MATERIAL. — MILD STEEL 
No. REQUIRED-- NE 

T.P.I. B.S.W. 
,, 

3 DIA.• 

A 	TOP VIEW 
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k 	2.4►±' oo°S— 

MATER1AL-- MILD STEEL 
NO. RE&D -- TWO 

8,Tpl. 	B,$.LQ 

()AIIVERSI T Y OF R00(&.& 
DEPT OF•MECH. £V. 
CALI&PAT(ON RIG 

Co 'IPprVEN7" 
FUG[_ SGALE 	209 63  
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r1 AT&2/AL— MI&D STEEL.  
NO. 2EQb - 60 

NOTE — 1. CkC.c-l.i t1 	 fh yeo d rtic y fool wr/G 8.L, 

CJC ' 
2. ScJ,bcic_u 1,2,3&4 uci ro be iSwoo/j, 

&A(1 pt /S a.f/e / 

3 Pc:J/t - k€.0 ce 5rdes' ? ,i to hc: t 	c°(,tArrLec(, 

CO 	 a 

VI 

3Z I r. PtA T'NRU NoLE 

l` A-rEK//IL- CAST IRQN 
MO. 2Ec D— 20 

AJ O T E -- 	I. 	s c v,,b o--c'" 16.2 	cc to b e A to o  
2. D h& ((ec(  kde c 	rs Fo 1 e eci cti,Q 

/S uA ek-ce i - 2 , 
To e.~~,~ L) f -& 	ac (t )I 
C1)dcvc, ba C  

Xsc t 1Arl rz 
Gt ores c cC c c,,E. i f N. 10  

UNIV. CIi. ( OOfKEC 

D& PT.oF, MECN. &.NGG. 

BOLT NUT 
BLOCK 

FULL 5CALE I !8.8.63 

J1'-2- 	1 	8.5,A 
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NATE RtAL— MQL p STEEL 
NO. 12Ea r) — 56 
NOTE — 1. G(-.ec-k t& /kLaGL 	toot witk B.5.l✓  

2 , S uh4c U-C.e~s 1, 2 , 3 & 4 to be 5)-i-w & cv~tr,C pct 5zA 

ii 

2
25 

 32 
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32 

MATE /ZIAL.--.CAST jL O J 
No. /ZEGD-- 20 

NOTE -- 5 w~,~-0_M r & 2 C&Ae. fo be MCJ C41 e~C 

	

pc,c.j ~ 	f . 	o hJAs c 	 (I ,, 
TO C' cj p— Mud 	Cc, l vv~, 	cue. cs 2 x ► z X See. 

m La ~c uC bezCp~ 6 y / c& i PL I to & 
C- 	2'l ltaL 	'cm V,wv• oF• 2oo,~krE 

!7IOT . r` nA!`,&i r` _.s , 
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32 

MATERIAL -- CAST IZOA/ 
NO.ZEQD -- 2.0 

~tJOTE — 	5 	c-Ce,6 1 2 Io he iuUCA- 	c~ ~tiLZ~. 

fa(y p ta lie (, 

T e t 	c,Ac&. tie 1ity o- 1 &2 Cat 0- lbuq 
G c ~iay p eCc c7~- 2,~X 2?~' x- 5ect(ou.. , 

G 

	

t.0 (( 	t S 2 	c 	(( 	l e s 	 C,}.t . 

	

IOu 	ce-ces, 

D . ll c ko(e a xr s  

to ~S c ~,~c~Ce~s 1 &2. 
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N 

!N. D/A. THRv µoLE 

MATE R. IAL — CAST /OA/ 

MO. P-EQp - 20 

NOTE -- I• S uh,6 a 	l& 2 to b e A t 	 '  
m-0( CCb5o /u to /y hecYCt-lie/. 

2. Di- Lflec( kole ctxis to be  
to 6c ,, ac./5 I&2. 

7"o eAx,,s u t/ 5 , cast a., /on Y-ecta vc,2 c.cl q y 
0 kc.e cj 2- (N. X 2 6 (N 	ss 5eel)(A , 

A i 4( l& 2 CL f l/ ko (e 5 a e Gum. 
3 IN. to 	es , 

UNIV. OF. P-OOIC KE E 

DEPT.  U MEGH, E AJG6. 
CAST' r ~€ D V BLOC 

FULL5CALE I /g.8.63 
E-2  
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