3.5)

Assumptions:
1. For steel, the tensile strength in psi is 500 times the Brinell hardness.

2. The curve in Fig. 8.5 is an accurate representation of the S-N data for steel,
3. For steel, the endurance limit in psi is 250 times the Brinell hardness.

4. For steel, the endurance limit for 103 cycle is 90% of the ultimate strength.

Analysis:
1. Sn’ = OSSu in ksi.
2. S for 103 cycle = 0.9Sy

3.
Sy (ksi) S for 1!23 cycle {kst)
95 47.5 _
185 92.5 166 5 '
240 100~125 216
Comments:

1. The relationship Sn” = 0.5Sy is accurate only to ultimate tensﬂe strength values of
200 ksi. The endurance limit may or may not continue to increase for greater
tensile strength values depending on the composition of the steel.

2. For 103-cycle fatigue strength, actual stress is not as high as calculated values
because of significant yielding.

SOLUTION (8.6) '
Known: Four known standard R.R. Moore specimens are given.

Find: Estimate the long-life rotating bending fatigue strength (state whether it is for
108 or 5 x 10® cycles). |

Schematic and Given Data:
i : 3 Wrought aluminum
_ Si=29ksi
Su=73 ksi
cast aluminum
High grade
. forged magnesinm

Assumptions:
1. The specimen is subjected to pure bending (i.e., zero transverse shear).

2. Figs. 8.8, 8.9, and 8.10 can be used to estimate 'the fatigue strength of aluminum
and magnesium.
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- Analysis:
1. From Fig. 8.9, for the wrought aluminum having

Su = 29 ksi, the fatigue strength at 5 x 108 cycles is 12 ksi. - ||
2. From Fig. 8. 9, for the wrought aluminum having
Su = 73 ksi, the fatigue strength at 5 x 108 cycles is 19 ksi. [

3. From Fig. 8.8, for the high grade cast aluminum, the fatigue strength
at 5 x 108 cycles is 11 ksi for sand cast and 15 ksi for permanent mold cast. ]
4. From Fig. 8.10, for high grade forged magnesium, the fatigue strength at 108
cycles is 22 ksi. u

SOLUTION (8.7)
Known: Standard R.R. Moore test specimens are made of steels having known

ultimate tensile strengths.

Find: Estimate the rotating bending endurance limit and also the 103 cycle fatigué

strength.

Schematic and Given Data:

Su’-—_‘lﬁOkSi

Assumptions:
1. * For steel, the tensile strength in psi is 500 times the Brinell hardness.

2. The curve in Fig. 8.5 is an accurate representation of the S-N data for steel.
3. For steel, the endurance limit in psi is 250 times the Brinell hardness.
4. For steel, the endurance limit for 103 cycle is 90% of the ultimate strength.

Analysis:
1. Sp"=0.5S; in ksi.
2. S for 103 cycle = 0.9S,

3' :‘ v
Su tksi) Sp (1_{31! S fgr 1 03 cycl (gg i)
100
160 80 144
280 100~125 252
Comments:

1. The relationship Sy’ = 0.5Sy is accurate only to ultimate tensile strength values of

200 ksi. The endurance limit may or may not continue to increase for greater
tensile strength values depending on the composition of the steel. -
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2. For the 103-cycle fatigue strength, the actual stress is not as high as ca]culated \
values because of significant yielding. ]

SOLUTION (8. 8) - o
Known: Standard R.R. Moore test specimens are made of steels having known Bnnell;'

hardness.

Find: Estimate the rotating bending endurance limit and also the 103 cycle fatigue
strength. . .

Schematic and Given Data:

Bhn = 350

T— R

Assumptions: " ‘
1. For steel, the tensile strength in psi is 500 times the Brinell hardness.

2. The curve in Fig. 8.5 is an accurate representation of the S-N data for steel.
3. For steel, the endurance limit in psi is 250 times the Brinell hardness.:
4. For steel, the endurance limit for 103 cycle is 90% of the ultimate strength.

Analysis:
1. Sy =500 Bhn in psi.

2. Sp’ =0.25 Bhn in ksi.
3. Sfor 10° cycle = 0.9S,
4

Bhn Sy (ks Sn_(kill s_fgufmlc_(m

200 100

350 175 87 5 . 157 5

500 250 100~125 225
Comments:

1. The relationship Sy’ = 0.25 Bhn is accurate only to Brinell hardness values of
about 400.

2. For the 103-cycle fatigue strength, the actual stress is not as high as calculated
values because of significant yielding.

SOLUTION (8.9)
Known: Standard R.R. Moore specimens are subjected to loading.
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A |
3 Schematic and Given Data: Fiwe Grawid SURFALE

_ Fino: FATicws swevert
10 ?nm 1\ |Sa=1200 MPaf| CORRESFOBIAG  fe
Y Sy =950 MPa " 10 o mars “yebes
: b)lxlo’cjcles |
Assumptions:

1. Actual fatigue data is not available for this material.

2. The estimated S-N curves constructed using Table 8.1 are adequate.
3. Fig. 8.13 can be used to estimate surface factor, Cs

4. The gradient factor, Cg = 0.9.

Analysis:

1. Endurance limits: (106 cycle strength)
Sn= S’ CLCcCs

For bending,
Sk’ = 0.5 Sy = 0.5(1200) = 600 MPa (Fig. 8.5)
CL=1 (Table 8.1)

Cc=09  (Table 8.1)
Cs =086  (Fig. 8.13)
Sp = (600)(1)(0.9)(0.86) = 464.4 MPa

2. 10°cycle strength
For bending,
0.9Sy = 0.9(1200) = 1080 MPa (Table 8.1)
3. S:-N.curves

Stress, MPa (log)

Cycles (log)

4. 2x10° cycle strength
Bending: 565.5 MPa
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SOLUTION (8.21) _ B
Known: A steel bar having known S, and Sy bas average machined surfaces.

Find: Plot on log-log coordinates estimated S-N curves for (a) bending, (b) axial, and
(c) torsional loading. For each of the three types of loading, determine the fatigue
strength corresponding to (1) 10 or more cycles and (2) 6 x 104 cycles.

Schematic and Given Data:

4, S, =110ksi
It E=

Machined surface

Assumptions:

1. Actual fatigue data is not available for this material.

2. The estimated S-N curves constructed using Table 8.1 are adequate.
3. Fig. 8.13 can be used to estimate surface factor, Cs.
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'-nalyms
" Endurance limits: (106 cycle strength)

o Sn= Sn CLCGCS

“For bendmg,
= 0.5 S, = 0.5(110) = 55 ksi (Fig. 8.5)
CL =1 (Table 8.1)

Cg=09 (Table 8.1)

Cs =0.74 (Fig. 8.13)

Sy = (55)(1)(0.9)(0.74) = 36.6 ksi
For axial,

Sn = 55 ksi

CrL=1

Cg = 0.8 (between 0.7 and 0.9)

Cs =074

S = 55(1)(0.8)(0.74) = 32.6 ksi
For torsion,

Sn’ =55 ksi

CL =0.58

Cs =0.74
S, = 55(0.58)(0.9)(0.74) = 21.2 ksi
2. 103_cycle strength

For bending,
0. 9Su = 0.9(110) = 99.0 ksi (Table 8.1

For axial
0. 7SSu = 0.75(110) = 82.5 ksi

For torsion,
0.9Sus = - 0. 9(0. 8)(110) = 79.2 ksi

3. S-N curves

99.0

Stress, ksi (log)

Torsion

| hd B i i

10° 10¢ 10° 108 10
Cycles (log)
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4. 6x10*cycle strength
Bending: 55 ksi -

Axial: 48 ksi
Torsion: .36 ksi

Comments: . _ :

1. GCsisnot used for correcting 103-cycle strength because for ductile parts this is
close to static strength, which is unaffected by surface finish. h :

2. For critical designs pertinent test data should be used rather than the preceding

rough approximation.



~ SOLUTION (8.23) -
Known: A steel bar having known Sy and Sy has average machined surfaces.

f _ Find: Determine the fatigue strength corresponding to (1) 106 or more cycles and (2) 6
" x 10* cycles for the case of zero-to-maximum (rather than completely reversed) load
~ fluctuations for bending, axial, and torsional loading.

Schematic and Given Data:

* ' Sy =77 ksi

Machined surface

- Assumptions:

1. Actual fatigue data is not avatlable for this material.

2. The estimated S-N curves constructed using Table 8.1 are adequate.
3. Fig. 8.13 can be used to estimate surface factor, Cs.

‘ Analysis:
~1. Bending

60-/55 6x10* cycle life

o, (ksi)

For oo life, Omax = 56 ksi
For 6 x 10* cycles, Gmax = 74 ksi
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2. Axial
6 x 10° cycle life N i
P 33, 33) \;
= F 326 -
15 4\ \(25 25) Se=110 \;\3/7/
L’ // O'a 1 : ) T2 \Y'/\..u/
I B N TR T 120 ©
o, ksi) %
For o life, Omax = 50 ksi .
For 6 x 10% cycles, Omax = 66 ksi |
3. orsion '
6x 10* cycle life
A # Su=085,=28
0 =« 120, 40K 0 w0
- Talksl) S, =0/588,=45 5
1%
For o life, Tmax = 34 ksi  /17,i7} | m
For 6 x 104 cycles Tmax = (si* |
*Only if the yielding mdlcated is acceptable but if so, T2 = 29, and the
load stress can be &52 ksi.
24
: " L
¢ 14



SOLUTION (8.26) ' '
Known: A stepped shaft having known dimensions was machined from steel having

known tensile properties.

Find:
(a) Estimate the torque T required to produce static yielding.
(b) Estimate the value of reversed torque, +T required to produce eventual fatigue

failure.

Schematic and Given Data:

t— (g —

D=2in.

d=1in
r=005in

Se =90 kst
Sy=T75ksi
Machined surfaces.

Assumption: The shaft is manufactured as specified with regard to the critical fillet.

Analysis: ' :
1. From Egs. 4.3 and 4.4, for static yielding,
Tc 16T _ 16T
T= ] =" 3="_
nd n

Equate this to shear yield,
Sys = 0.58Sy = 0.58(75) = 43.5 ksi
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16T

T=T=43’SOO
43,50 ,
T=L::65——Q)-=85401b in. - n

2. For fatigue failure, the appropriate endurance limit is:
Sn = Sn’ CLCGCS

where Sy’ = 0.55: = 0.5(90)
CL=0.58 (Table 8.1)
Cc =09 (Table 8.1)
Cs=0.77 (Fig. 8.13) )
Sn = 0.5(90)(0.58)(0. 9)(0 77) = 18.1 ksi n
3. From Fig. 435, K¢=1.72
From Fig. 8.24, q = 0.78
Thus, Kf =1+ (K¢~ 1)q [Eq. (8.2)]
=1+ (0.72)(0.78) = 1.56
4. For fatigue failure,
16T 18,100 ) _ =

Kf-—-— 18,100 ;T = 136016 56(16) = 2,280 Ib in.

Comment: For static loading of a ductile material, the very first yielding at the notch-
root is not significant; hence, ignore stress concentration.




SOLUTION (8.28) -
Known: A machined shaft having a known hardness experiences completely reversed

torsion.

Find: With a safety factor of 2, estimate the value of reversed torque that can be
applied without causing eventual fatigue failure.

Schematic and Given Data:

2 mm rad.

20mm

[ - .-
- .-
N 150-Bhw 1 - 7

-

Assumption: The shaft is manufactured as specified with regard to the critical shaft
geometry.

Analysis:
1. For steel, :
S, = 0.5 Bhn = 0.5(150) = 75 ksi

or, Sq=75ksi (-@—91?—5?—@ ~ 517 MPa

2. So=Sr CLCaCs _
Sy’ = 0.5Sy =0.5(517) (Fig. 8.5)
CL =058 (Table 8.1)
Cg =09 (Table 8.1)
Cs;=0.78 (Fig. 8.13) _
' Sy = 0.5(517)(0.58)(0.9)(0.78) = 105.3 MPa ' - n
3. At the critical point (0.8 mm radius), r/d = 0.04 and D/id=1.2
From Fig. 4.35(c), Kt = 1.65
From Fig. 8.23,q=074 ,
Hence, Kg= 1+ (K¢ -1)g [Eq.(8.2})]
=1+ (0.65)(0.74) = 1.48
4. Therefore, the nominal value of reversed torsional stress can be t=1053/148 =

71.1 MPa.

: 3
16T _1tnd
But,q:und;., or T= 16
3
71.1 MPa)r(20
1< I ?;‘( M0 _ 411,700 Nemm
with SE=2, T = 1—1-%-11@ =558 N'm - n
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"SOLUTION (8.30)

Known: A cantilever beam is serving as a spring for a latching mechamsm. ‘When
assembled, the free end is deflected 0.075 in., which correspond to a force F. When
the latch operates, the end deflects as additional 0.15 in.

Find: Determine if eventual fatigue failure is expected.

Schematic and Given Data:

l\ _ F=8651b |
r=%in,
K.=1.7

: ) 0.1094 in.

High carbon
steel, 490 Bhn, £y
machined finish zi.
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Assumption: The cantilever beam is linearly elastic.

Analysis:
1. Assuming linear elastic response, if Smin = 0.075 in. corresponds to 8.65 1b, then

Omax = 0.225 in. corresponds to 25.95 1b. Therefore, Fyin = 8.65 1b and Fpax =

25.95 1b.
2. Sn=S8yCLCsCs [Eq. (8.1)]

Sp’= 100 ksi*  (Fig. 8.6)
CL=1 (Table 8.1)
Cg=1 (Table 8.1)
Cs=054 (Fig. 8.13)

Sn = (100)(1)(1)(0.54) = 54 ksi

*The Sy’ = 0.25 Bhn ksi estimation is accurate only to Brinell hardness values of

about 400.

3. Operating stresses: Le y
M i

Cm= ‘%Ki O = ‘23K1

where
My, = 4 Fy = 4 (22 '952” 8'65} = 69.2 inelb
M,=4F,=4 {25 95-8.65) - 34.6 inelb

o 2

z=1=20 - 0.7 )(2'1094) = 0.0015 in.2

From Fig. 8.24,q = 1
Ki=1+(1.7-1)(1)=17 [Eq.(8.2)]

Therefore,
_69.2
Om = 50015 (1.7) = 7842 ksn
346
Ca=50015 (1 7) 39.22 k51
4.
54 = 7842 ksi
Ca=3922ksi
T S, ~0.5490) = 245 ksi
|
1 1 1 3 I‘ED 1 1 1 1 25«) 240
O (ksi)

5. From the figure above, the stresses are marginal with respect to causing eventual
failure. : |
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SOLUTION (8.33)
Known: A cold-drawn rectangular steel bar has known hardness value and dimensions

and is to have infinite life with 90% reliability and a safety factor of 1.3.

Find: Estimate the maximum tensile force that can be applied to the ends:

(a) if the force is completely reversed,
(b) if the force varies between zero and a maximum value.

Schematic and Given Data:

A

F v D I A
¥ /
140 Bhn
[ b ' h=10mm
* b =60 mm
d=12 mm

Assumption: The hole is symmetrically machined in the plate.

Analysis:

1.

2.

For 140 Bhn, Sy = 0.5(140) = 70 ksi or

Su = 6.890(70) = 482.3 MPa (Appendix A-1)
From Eq. (3.10a), Sy = 525 Bhn - 30,000
= 42,800 psi = 295 MPa
(May be higher for cold drawn, in any case, problem is not affected)

Sn= Sn’ CLCcCs [Eq (8'1)]
Sp’ = 0.5S, (Fig. 8.5)
CL=1 (Table 8.1)
Cg=0.8 (Table 8.1)
Cs = 0.78 (Fig. 8.13)
Sa = (0.5)(482.3)(1)(0.8)(0.78) = 150 MPa ' u

But this is (conservatively) for 50% reliability. For 90% reliability back off 1.3
standard deviations (Fig. 6.17) of 8% or 10.4%. Therefore, Sp

(90% reliability) = 150(0.896) = 134 MPa.

'From Fig. 4.40, K; =2.5

From Fig. 8.24, ¢ = 0.85 (by extrapolation)
Thus, K= 1+ (K¢ -1)g [Eq. (8.2)]
=1+ (1.5)(0.85) = 2.28

F I§

orF=0.21c




6. For completely reversed load, Gimax = 134 MPa;

Fmax = 0.21 Omax or, with a safety factor of 1.3,
= (0.21)(134)/1.3 =22 kN

For zero-to-max load
Gm = Ga
S, =295 oo life, 90% reliability

(105, 105) Sy =482

1 [ 1 | 1 1
100 200 300 400 500
Om (MP2a)

8. From the figure above, for zero-to-max load,
Gmax = 105 + 105 = 210 MPa, Therefore, with a safety factor of 1.3,
Fmax = (0.21)(210)/1.3 =34 kN



SOLUTION (8.38)
Known: A shaft is subjected to a fluctuating nominat stress. The shaft is made of

steel having known Sy and Sy.

Find: Estimate the safety factor with respect to eventual fatigue failure if:

(a) the stresses are bending,
(b) the stresses are torsional.

Schematic and Given Data:

1.5mmR S5mmR SmmR

+80F — e

Assumption: The shaft is manufactured as specified with regard to surface finish and
- critical fillet radii.
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Analysis:

1.

For bending stresses,

Sh =Sy’ CLCaCs [Eq. (8.1)]
Sn'= 0.58, (Fig. 8.5)
CL=1 (Table 8.1)
Cg =09 (Table 8.1)
Cs=0.77 (Fig. 8.13)

Sn = 0.5(600)(1)(0.9)(0.77) = 208 MPa

Highest stress is at the 1.5 mm fillet where
D/d = 1.2 and r/d = 0.03

From Fig. 435, Kt = 2.3

From Fig. 8.24, q = 0.78

From Fig. (8.2), Kr=1 +(K: -1)q
Ks=1+ (1.3)(0.78) = 2.01

At the fillet

' Om = 2.01(§°—5_1§) = 64 MPa

Ga = 2.01(§‘3%-1§) = 96 MPa
Thus, for the bending stresses,

yd 2_08 Overload causing

200 / eventual failure

ca 168 :"' _—
(MPa})

X Sy =400

100-——| (64, 96) Su= 600
-/ |

1 I ] 1 L 1 1 1 1 1

SF = 168/96 = 1.8
For torsional stresses,
Sn = Sn' CLCGCS
Sn_’ = OSSu
CL =0.58
Cg =09
Cs=0.77
Sn = 0.5(600X0.58)(0.9)(0.77) = 121 MPa
From Fig. 4.35, K1 = 1.78

From Fig. 8.24, g = 0.81
Ki=1+(1.78-1)081)=1.63
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At critical fillet,

Ty = 1.63(805 16} =52 MPa -

.= 1.63(30 t 16} =78 MPa

Thus, for torsional stresses,

SF=105/78=1.3



“SOLUTION (8.46) '
-Known: A stepped shaft having known dimensions was machined from AISI steel of
" known hardness. The loading is one of completely reversed torsion. During a typical
30 seconds of operation under overload conditions the nominal (Tc/J) stress in the 1-
“in.-dia. section was measured.

- Find: Estimate the life of the shaft when operating continuously under these
conditions.
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Schematic and Given Data:

' r
1 - D=2,
D d d=1im.
J r=01in

200 Bhn

Assumption: The shaft is manufactured as Spec1ﬁed with regard to the critical fillet
geometry and surface finish.

Analysis:
1. At the fillet,
from Fig. 4.35(c), K = 1.46
from Fig. 8.24, q = 0.86
Thus, using Eq (8.2), Kr =1 + (0. 46)(0 86)=1.40

2. Sp=8y CLCgCs [Eq. (8.1)]
Su’= 025Bhn  (Fig. 8.5)
CL =0.58 (Table 8.1)
Cg =0.9 (Table 8.1)
Cs=0.76 (Fig. 8.13)

Sn = 0.25(200)(0.58)(0. 9)(0 76) = 19.8 ksi
3. From Table 8.1
103 cycle strength 0.9Sys = 0.9(0.8)Sy
= 0.9(0.8)(0.5)Bhn = 0.9(0.8)(0. 5)(200) =72 ksi_

Stress, kst (log)

Cycles (log)

5. The 30 second test mvolves these stresses (in the ﬁllet) above the endurance
limit (see graph):
I cycles at 15 =35(1.4) = 49 ksi
(N = 8 x 103 cycles)
2 cycles at T, = 25(1.4) = 35 ksi
(N = 4.8 x 10% cycles)



4 cycles at Ta = 20(1.4) =28 ksi
(N = 1.5 x 10° cycles)

Life used in 30 seconds = 1 2

+
8x10° 4.8 x 104

4 -4
p———=1916 X 10
1.6 x 10°

Estimated life = ———L——— = 5217 periods of 30 seconds
1.916 x 10

Estimated life = 43 hours



