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Designing Shaffs for Long Life 

Fatigue fives are affected by many facf~rs. 

An imlirovecl lrietliod Iias been developed 
101- clioosing the sires of powel-ti;insri~itting 
4iaiis foi- Iiniitcxl 01- iinliiriited service lives 
iiiiclei n variety o i  opera ti tic^ coiiditioiis, in 
ossetici?, IIw irietlic~cl lreplaccs sonic! tratliiional 
siniplilyiiig a p p ~ o x i ~ ~ i a t i o i i ~  and cj~rcsswoi-k iby 
inore-refitiecl design ecliiations basccl on 
cons~clerations ol iiietai fniigiic. r l i e  inelhod 
will I h  especially beneficial w h m  critical 
co~ i i p ro i i ~ i se~  I l i~ve to Oe 111ade betwecli shaft 
inic~gliis i i n ~ l  icili;il~iIiiies oi wlici-e llie pcnaliies 
of shaft fail~ire are -,ever o 

The basic prol~lem is to estimate the 
iiiaiiietei~ req~iirecl for a sliait io sill-vive ;I 

speciliecl 11~11iil,ei of cycles 1111cIer a11 cxpectecl 
seclttwiccof sieady or v;)i-ial)lc-ainplitticle loads. 
PI-r?ferabIy, ilie analysis for a giver shaft woiild 
begin with the expeiimenial deterinination of its 
( : w e  of stress amplit~icle vcrsiis n~tmher ot 
stless cycles to tailcrrc iitidei tlie appropriate 
t iw in  loading colicliiion (see figiire). However, 
ill \lie absence of full fatigue-life data, the 
cinalysis IS bascA on a nominal-sircss- 
approximation, 111 wliich ti straight line on a 
log-log] plot connects the ~ I L E  lraclui-e streiigtii 
al 1 cycle to thc iatigi~e limit of the shaft at 10G 
oi 10' cyclc-ls. 

A t imbe r  of l x t o r s  are intioducecl to 
~mcl i ly  i l ic stless Iewels a ~ i d  slopes on [lie 
log-log intigiie-life plot fol the ellects of 
e~ivi~oli i i iel i tal, geometrical, and loading 
condition5 likely to he eiicoiinicred in sei-vice. 
Those faclot-s ale 11;isecI 011 IJI- VIOLI IS 
experimenlal and theoretical cletet-minaiions of 
the effects of siirlace iiliislies, ic~nperziliii-es, 
llie i~ ic l i i i ion oi iiiorc inheieiit clclects with 
incieases in w e ,  i\l-ess concelill-ations at 
sllliiies ;ind keyways, plessf~ited collals, 
rc!s~cliiai maniliactiiling stresses, and corrosion, 

The effects of vari;~l~le-anipiit~tde lowtrig 
are trcatecl lby expressing a complicatecl, 
ii-rc!~juIar loading liistoiy as a series of 
conslant-amplitiide events anti by ilivoking the 
Paltngimn- 

Miner linear-damage rule. This lriile assclines the 
acc~imulation of damage at a linear rate without 
regard to the sequence of loading arid in some 
cases may Iiave to be replaced by 
tilore-complicated ciimulative-damage tlicoi-ies 
that expi-ess tlie effects of different load 
sequences, 

In some applications of the new design 
 neth hod, it was shown that occasional cyclic 
overloads reduce the fatigue strength 
considerably or else require the use of a milch 
larger sliaft diameter. The sensitivity of shaft 
fatigue life to bending stress was fond to depend 
PI-imarily on the tensile strength and the overall 
tatigiie-life- factor: the lice might vary with stress 
to the - lath power for a small. 

smooth, hicjli-sit-engtli-steel shaft or to the-5th 
power for a large, ~rougli, iieavily iiotched, 
low-strength-steel shaft. 
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