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[ EXAMPLE 7-1

At a machined shaft shoulder the small diameter d is 27.94 mm, the large diameter D is 41.91 mm, and the
fillet radius is 2.79 mm. The bending moment is 142.35 N'* mm and the steady torsion momenf is

124.28 N - mm. The Heattreatesteel shaft has an ultimate strength of S, =724:MPa, ayield strength 6f1Sy =
565 MPa, and a true fracture strength of Gy =M069NIR:. The @liabilifyl goal for the endurance limit is D99

(a) Determine the fatigue factor of safety of the design using each of the fatigue failure criteria described in
this section. v vyt

(b) Determine the yielding factor of satuy V\g,
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Figure A-15-9

Round shaft with shoulder fillet
in bending. 6, = Mc/I, where
c=d/f2and I = nd*/64.
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Figure A-15-8 30

t with shoulder fillet
in torsion. 7, = Te/J, where
c¢=df2and J = md*/32.
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3 Determine fatigue stress=concentration factor, Kj or K. First, find K, or K}, from
Table A-15.

I(f= L & q(Kl - ]) or l(jf\' =1+ qs(Kl.s - 1) (6—32)
Obtain ¢ from either Figure 6-26 or 6-27.
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Noteh radius . mm &'}ﬁo\ Figure 6-26
0.5 10 15 20 25 r 30 33 40 Notch-sensitivity charts for steels \(\o& UM
and UNS A92024-T wrought - 1\ \1%%
aluminum alloys subjected to q L WS Wi
reversed bending or reversed q

axial loads. For larger notch

radii, use the values of g 7: z "%c\

corresponding to the r = 0.16-in
{4-mm) ordinate. Source: Sines,
: e Al
George and Waisman, J. L.
(eds.), Metal Fatigue,
McGraw-Hill, New York, 1969.
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Figure 6-27 Notch radius r, mm \L
Notch-sensitivity curves for l.oo 05 10 L5 20 2.5 3.0 3.5 4.0
materials in reversed torsion. Lookpst (1.4 GPY)
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For larger notch radii, use the 1
values of g, corresponding to 0.8/
r=0.16 in (4 mm).
=
2 06|
2
S 04
z i Steels
" = === Alum. alloy
21 14
021
]
]
i
() ! — s — ———— — i — ———— ——— ——— ——
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
N
K=1+gK,—1) or “Ky=1+g(K,~1) (6-32)
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I Determine [§feither from test data or

0.5S,, Sy <2 si ( 140()

[SE= 4 100 kpsi S, > 200 kpsi (6-10)
700 MPa S, > 1400 MPa

oc o g x5 AL N

2 Modify S to determine ..

S, = I'k|k|k|k|3 B (6-17)
Table 6-2 Curve Fit Parameters for Surface Factor, Equation (6-18)
b= as Factora Exponent
Surface Finish bl S.» MPa [ ]
Ground 1.38 —0.067
Machined or cold-drawn 3.04 —0.217
Hot-rolled 38.6 —0.650
As-forged % 549 —0.758

2 ,.1\%
\94*‘1‘? '\<°\‘ 30 (7—1‘?) = .7—’Z°\

\(XQ Rotating sfiaft. For bending or torsion,

(AT =08792=" A= 2in
T e i (6-19)
= 17t Y v 71 d/7.62)" = 124a7%"" 762 <d <51 mm
15182457 51 < 254 mm
For axial,
_ ,\o} k=1 (6-20)

-
- (5g0) - 173

R - = ==y

Nonrotating member. For bending, use Table 6-3 for d, and substitute into
Equation (6-19) for d.

1 bending
k.=14 0.85 axial (6-25)
0.59 torsion

Yo\
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St/Skr=0.98 + 3.5(10~)Tp~ 6.3(107")T}
St/Sgr=0.99 + 5.9(107)T - 2.1(107%) T2

(6-26)

Either use the ultimate strength from Equation (6-26) to estimate S, at the operating
temperature, with k,= 1, or use the known S, at room temperature with k; = S7/Sgr

from Equation (6-26).

Ky 7\

Table 6-4 Reliability Factor k, Corresponding to 8 Percent Standard
Deviation of the Endurance Limit

Reliability, % Transformation Variate z, Reliability Factor k,
50 0 1.000
90 1.288 0.897
95 1.645 0.868
99 2.326 0.814
99.9 3.091 0.753
99.99 3.719 0.702
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