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212 Fundamentals ..y Mechanical Design

2 The nature and magmtude of the apphed load  How was the load
obtained in the first place? By test?  Ur by estunation of some kind? g
the load & static one, & futigue load, or 8 combination of the two?  laa the
possibility of impact been consudered?  Have all the factors influencing the
loading been considered?  Muny designers, for example, do sn excellent joh
of engineening & new design and then fail to consider the loads which are
spphed to the equipment durning shipment or asscinbly

4 Ihscontinuities and stress concentrations.  Sometimes discontinuities
which cause siress concentration are introduced after the drawings have
been redensed by the design engineering department  These discontinuities
may ocenr i production, sssembly, or mspection, for a vanety of reasons
Inspectors, for example, may nol appreciate the reasons for mamtaining &
large hillet rudius

Fach tume & factor of safety is chosen it is necessury for the engineer L
carefully evaluate all the unknowns relating to strength and all those
relating to stress  Fven in the design of a single part the designer may
cimploy several different factors of safety because of the changes in theso
uncertaintios for ench set of ealeulations.  For example, it may be necessary
to check a purt for the possibility of & fatigue failure as well as for a statlo
fatlure  One should not expeet that the same factor of safety will be usod
for both these calculutions; the reason for this is that the degree of unocer-
tainty for the two types of failure may be quite different
Selection of n. Now that the reader knows the meaning of factor ol
safety, he s ready Lo ask the question, How do | know when | have selooted
a suitable value? This is indeed a diflicult question Lo answer

Experience, more than anything else, tenches one what factors to choose
One lenrns what an ample factor of safely is by having designed an itom ol
equipment that never fails Similarly, one learns what an inadequate factor
of safety 18 by having designed something which does fail or which falle
some Limes Industnies and companies build up & background of experlencs
in this manner, which they can extrapolate for new designs

Vidosic' states that commonly used fuctors of safely in basie design vary
from 1 25 w 4, depending on the uncertainties involved. e applies these
to the yield strength for ductile matenisls, to the ultimate strength for brittle
materials, and to the fatigue strength for parts subjected to fatigue londs

Lipson® states that the stresses and strengths should be carefully and
thoroughly determined, and then the factor of safety can be chosen from the
range !

1350 s 20 G,
He furthermore states that, of an n > 2 secms desirable, the problem has not
been mvestigated sulhcient detl

Y

Yy
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I general, it would seem that of the minimum properties, not the average,
of the material were determined by many tests, and if there 18 no deternom
tion i strength during the hietime of the part, & margin of 10 to 15 per cent
should be sufhcient allow ance for the uncertainties in strength  And o the
stresses are accurately determined and of the neture of the part 18 such that
it cannot be overloaded, or i the overlead 18 known and accounted for,
an allowsnce of 15 to 20 per cent should 1 sufficient Lo account for the
ancertaintics in stress  ‘Uhese add up W & margin of safely of about 30
per cent, oF & ... Wan fuctor of safety of 130

When danger ¢ aman hie s involved, these recommended values shoald
be increased.  But the designer also has a special responsibility to build into
his design extra safeguards to prevent fuilure.  The principles of “fail sufc”
can frequently be used, alternatively, one can employ redundant members
in the structures to take the lond o another fuils

The range of fuctors of salety recommended in this book (1.25 to 4 1)
differs shurply from many to be found in handbooks on machinery, fubiiea
tion, wnd mechunieal engincering, and the reader should be aware of thas
difference. It is not uncoemon, for instance, Lo see values of n as high as
20 recommended for use.  When the fine print s studied, it s often fownd
that these recommendations are haced on using an average value of the
ultimate strength (not the yield strength or endurance hmit), with no
corrections for size, surface finish, stress concentration, and the hike, and
that the stresses are only nominal stresses oblained without taking into
consideration such factors as combined stresses, fatigue loads, and overloads
Design Calculations. Al stress equations may be represented by the
formula !

o = Cf(x),13, ZIFLELF,, F.) (6-4)

where (" is & constant, 7, are the dimensions of the part to be designed, and
F. are the forces or loads applied to the part.  Fouation (6-4) is intended |
be vEry general and can represent any kind of stress or stress component  u
normal stress, & shear stress, s von Mises stress, or a stress amphitude, for
example. The equations for stress will always be written in the form of
Fa. (6-4) in this book. Note that the right-hand side of the equation con
taing the dimensions and the forees. In design, the forces are usually
known, and the dimensions are Lo be determined.  Always set up the equa
tions in the form of Eq. (6-4), and substitute in it the known quantities,
lenving the appropriate symbols designating the dimensions o be found
Now, in pluce of ¢ substitute S/n on the left-hand side of the equation,
giving

S

"

Cf(xy,x,, AIF(F LV, Wa)

Since both the strength S and the fnctor of safety n have been previously

‘.i'll'lllluu'ql‘ the equation can now he polved far the dismensions
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184 MECHANICAL DESIGN AND SYSTEMS HANDBOOK

\ the uncertainty ; are great enough 10 cause severs weight, volume, or ecogomic
penaities. ‘esting sad/or more thorough snalyses shbould be performed raitber than
relywng upon very large factors of safety

Typieal values of design safety fsctors are:!

fs = 1.25t0 1.5 lor exceptionally relsdie materials used under controilable condi-
tions sad subjected w0 loads sad stresses that can De determined with certauaty. Used
almost Wavariably where low weight s & particuwiany uppertant conmderation.

fs = 1.5 w 2 for weil-known mALerals sader reasonably constant environmenta
~oaditions, subjected 10 loads sad stresses DAL can be determined resdily

fs = 2t 2.5 for average materials opersted o ordiuary eavuonments sad sub-
jected to losds aad stresses that can be determined.

fs = 2.5w 3 for lesa tried as weil as for heittle materials under average conditions
of environment, load, snd stress.

fs = 3 to 4 for uotned materais used under average coaditions of envirooment,
load, and stress.

fg. = 3w 4should also be employed with bet’er-cnown matenais that are o de
ssed |0 uocertain eavironments or subjected 0 uncertain siresses.

fg = 2 for umpact of very ductie materais where the small index of seamunty
resuits 1o low stressconcentration factors.

fg = |5 for less ductie materiais where a Digher seasitivity will provide s larger
factor of stress conceatration

fa = 1.5 for demgn ai lugher lemperatures, based on the creep streogih of the
material that will resait s & permasuble phestee deferssation over s preestablshed Lfe
perod.

Nore: L. For repested loads, the factors of safety sstablished are acceptabie Dut
must be spplied 0 the endursace Lmut ~iher thas e yaeld strengih of tDe matenal

2 For cascngs, [onpaegs, Sampmegs. snd weidnd emmpocents, fsctors of salety
nore oesd do oot csmedy vary spgrecabty fsmm e gwesenied s0ove

1 Factors of sfecy o be weed wnh scnmdbord érmgn eemen s -ommercialdy svad-
sble. should be thoss recowmsenced ier Ches by refisdsle maguiscturers aod, or DY
established codes for design of machines

4. Where higher factors of sajety might seem jesirable, s more thorough analyss
should be undertaken before deciding upoa taewr use.

18.7. TRUE FACTOR OF SAFETY

The true {actor of safety, which may De {efined in terms of load, stress, dedection,
sreep, wear, etc., i3 the ratio of the magnitude of any of the sbove parameters resulling
n damage, L0 (t3 sctusl value in service For exampie:
maximum load part can sustan without iamage

maximum load part sustains o service

True {actor of safety =

The true ‘actor of safety s jetermined aiter s part is buut snd rested under service
sonditions,

18.8. STRESS CONCENTRATIONY’

Abrupt increases .o (ccal stress due L9 siress rausers, Such as notches, doles. Silets,
hreads, shouiders, and scratches, are (er ped siress concentralions.
The theoretical (or elastic) stress-conceutiration facwor 8 Jefined o

maXimum stress at section

W —————
average sirews al section Dased upon net ares

The theoretical stress-conceatration ‘actor i3 & fugetion of geometry only and 3
{etermined {rom photoeiastic studies, theory of elasticity )r SCtusl strain measurs
nent K, does sot conmder (e mitigating efects of loeal yielding Table 181 i3
ralues of X,

Stress concentration should be conmdered w th respect W0 3 efecs upon t3e streogid
reductioa 3f the pecimen {a staticaidy loaded ductis matenaus, yieidiog ¢ 39




