9.3 = C+ D/og N, wrth (N,,0,), (M,7;)
(a) C, %

o = C 7‘- Dilog v, T, =C + D/@/Vz

07 =02 = Dlog N, = /o9 ,)

log (N, /N, /

”pq

C:C’T-—-D/Oj/v, |

(b)) F~/and C-J D for +4he F/g 7,5472?/2}) /\gc < 0%
T he dala Ko Rpprox/snale a Strarght
lrme omn The /og-liviear p/T, So fhe

Foram /S appropr/ale. /Rea s fwo /07‘3
(/v,,S, ) =(r0% 7720 M=)

(N2, S2)= (105, $55 MPa)
T70— 455
L= o9 (/0T 0%) T
C= 770~ (-1572.5) log (/0%) = |400 MPa
Sa= 1400~157.5 /o5 Y, MFa 4

= —~/575 MPa
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9.4 Op = A NJ;B' HR & Normm ALST \04S

) Plot date om log-log cookdimates amd |
draw et straight lime throvgh +he data,

2000

/oooég)_-‘350)

soof . “‘““ﬂmﬁomqlﬁ%bwmﬂml?iww
w1 =
/o0 . N N ;

A=850 is Tz imtercept at N—FT“)/
Calculate B from a secomndl Pt om lime.

2 _log (Tn/A)

ATE 5= Thg N

=/0 @,
iéuoé?gJ = —0.08(7

—0.08¢7
0 = 950 (N, ) MPa 4

(b) Do a leas t- sguares it} /Vjc C/epéwdeoﬂ"
/8
—(Ca
A@'(A)
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T he resul?rmng comstamts are
" =— 10,9/6 B=1/mm=—0095]

32.15 = ldg ;“";‘7};

0" = A = 3] MPa

= %8l N—F | MFa

2000
/000

o
=
P

ol

/-
/

/

/

TTT
/
{

500

200

/00 : ' L ] | i i
/ V) 5 2 ot o5 08 pp?

]\'_F 3 C}/C ’Q\S

€) Of = A/2% = g5/1/27 %" = 935 MmAa.

Oa= 739 (2N,)"9°7  MPr <
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2-5- Og= A Mg REC~100 steel
() Plot data omn log-}ogj coorcdimates amd
draw c straight lime threugh +he data.

d'oaow\

- 300_ - (/0€ 4’00)
/\/ (yc les :
IOOI _ - ' ,bé

Oa, MP

)o /0"* 103 oY 10°

A= P20 is imtercept at N, = |
Calculate B $£ronn o second poimt.

= =N = Lo (02 /A)
! Log /\4

A

= log (400/820) _ _ 5 pnoo
B= Tos 1769) = - 00520

-0,08526 - |

(b) L&QS‘/‘ SQHJU’G’S F/f/ /Vjc, C/e/aefndefmz‘
'/
Ne = ()

log Ny =15 log & — & log A
k_w___z e m— - — s
Y = ™M ¥ + C
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(9.5, p.2) |

T he 'resu’/h'm‘g comstamts cre
m=—17,592, c=5/.5+3
B=1/m ="0,056845 |

I |
C:—:—%3 /ogﬁr, A= 10 T 5.0 M

' - 0,05
0‘:?5//\#0068 M Fa <

’::A/;?b = €5 MPF=
OS5EYS

— O,
o = 985 (2M;) MFa -«
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9.6 Coe = AN c SRIM C ompesy e

(CU Slo? data omn /09*/09 C Oord s fes
ang draww a strarght Jime t+hrough )

100 ('z
| | G
?0 _ \‘\\\
& TR
E. \\"\
S 50 g,
NG
\.I\\N
. . | \\. ( 2 )
30} L
3 0 0% 0% 0% s 0 07

Ne, Cycles

Read two pormts fromi +he lrme ; (N, 0g)
(1) (Boo, /0)  (2) (/07 34)

a=ANE T =AN,®, Use Ex 9 /(a)

Bl_ Jog T, = /09 Ta  Jog /00 — log Z4
= /09 N,"'/d)f‘//vz - /pg 300*/0\9 /07
58=— 0»/026

A= Oy _ 00 MFPa

—l'\_’l"fg — 300._0,/03‘ = /go.é MP&.

- 0./
=/g06n, "% mm <
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(9.6, p. 2)
(b) Least-sguares /1, Iy dependent

h&}:(%ﬁf)vg

7tﬁ€f?§ﬁﬁ%wgfﬁw5fﬂﬁﬁ34W?
on = — 92043, C=20,9/8

< /3

C=—k g A, A=/ T=1873% MFa

| ~ 0./0%6
oz = 1872 N, F 71 P <

©) ap — A/2P = 2020 M»'%t
b=p=—0. 1086

- O, /08¢ :
Oz = 202(2N) MFPo <
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9.7

For given stress-life data on 2024-T3 aluminum: (a) Plot on log-log
coordinates and find approximate constants 4, B. (b) Find improved

values 4, B by least squares; calculate 6'5, 5.

o,=ANZ, o,=07(2N;)"
Data
c.. MPa  Njcycles x=logo, y = log N¢

379 8,000 2.579 3.903
345 13,100 2.538 4117
276 53,000 2.441 4.724
207 306,000  2.316 5.486
172 1,169,000 2.236 6.068

(a) Read two points from line drawn through data on log-log coordinates.

_ logoy —logoy

= A=
_ ? B

log Ny —log N» Ni

Point No. G, MPa N cycles log &, log N;
1 520 1,000 2.716 3.000
2 120 10,000,000 2.079 7.000
B A, MPa

-0.1592 1562 4

(b) Do a least squares fit y = mx + ¢, where the dependent variable is
vy =log N ; and the independent variable is x = log G,.
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<QJ7JP;2)

1000 . —
- 1
chu ' O Data
= —=—1 S Fit
g T
< "‘:)-.,,__
| % .\\( I
‘g;, 2024-T3 aluminum | 0\“\...____.
oo L LU Iy
1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
N;, Cycles
N, =|2a e log N 5 = —1 L og 4
F=a) > 8BNS TR %BCaTpio8
B=1/m, A=100%, 5=B, oy=4/2
slope intercept B, b A, MPa o';, MPa
m c 1/m 10°E AP
-6.286 20.083 -0.1591 1566 1749 : 4

Also calculate two points on the fitted line and show it on the graph.

LS Fit
0., MPa Ny, cycles
521.9 1000

120.6 10,000,000

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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9.8

- For given stress-life data on 2014-T6 aluminum: (a) Plot on log-log
coordinates and find approximate constants 4, B. (b) Find improved
values 4, B by least squares; calculate 6', b.

G,=dAN%?, o,=07(2Ny)"

Data

6., MPa N;cycles x=logao, y = log N
395 1,800 2.597 3.255
336 16,300 2.526 4.212
256 82,700 2.408 4,918
220 281,000 2.342 5.449
178 1,130,000 2.250 6.053
172 3,490,000 2.236 6.543

(a) Read two points from line drawn through data on log-log coordinates.

log01~10g0~2 A= 01
"~ log Ny —log N, ’ -NlB
Point No. ¢, MPa N;, cycles log o, log N
1 440 1,000 2.643 3.000
2 150 10,000,000 2.176 7.000
B A, MPa
-0.1168 986

(b) Do a least squares fit y = mx + ¢, where the dependent variable is
y = log N, and the independent variable is x = log G,

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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(q.%) ]9,2)

1000_ ! ] 1]
o ¢ Data
GE- || ==L S Fit
")
O
:'3 """"--...,
=Y ““ﬂl
QE: T

.

% \"Cv-..,_
i O~ Q !
n 2014-T6 aluminum | *---..;
] B

100 |

1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
N;, Cycles '

G, 1/B 1 1
Np=\—F , log N ¢ =—Elogca—~§10gA

B=1/m, A4=10"%, »=B, o;=4/2"

~ slope intercept B, b A, MPa c's, MPa
m c 1/m 108 AP |
-8.189 24.670 -0.1221 1029 1120 4

Also calculate two points on the fitted line and show it on the graph.

LS Fit
., MPa Ny, cycles
442.8 1000

143.8 10,000,000
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9.9

For given stress-life data on SAE 1015 steel: (a) Plot on log-log
coordinates and find approximate constants 4, B. (b) Find improved
values 4, B by least squares; calculate 6's, b.

o, =AN%, o,=07N;)’

Data
o, MPa Nicycles x=logo, y = log N¢
558 52 2.747 1.716
455 242 2.658 2.384
362 - 1,650 2.559 3.217
245 15,750 2.389 4197
228 30,000 2.358 4.477
207 90,000 2.316 4.954
172 393,000 2.236 5.594
158 800,000 2.199 5.903

-(a) Read two points from line drawn through data on log-log coordinates.

log oy —logo, O
log Ny —logN, NE
PointNo. 0., MPa N cycles log o, log N;
1 700 10 2.845 1.000
2 150 1,000,000 @ 2.176 6.000
B A, MPa .
-0.1338 953 . <
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(Cl-q) P 2)

1000 -

© O Data 7i(i]
& . _ :

s oul =] S Fit

1"} ~

3 o

s

<

g mﬁr""h, L

2 | ~

« SAE 1015 steel 'O"'--c]_

)

100
1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
N;, Cycles

(b) Do a least squares fit y = mx + ¢, where the dependent variable is
v =log N, and the independent variable is x =log0,.

1/B 1 1
Npe=|—F , longzglogGa-ElogA

B=1/m, A=10"°¢, p=B, oJf=A/2b'

slope  intercept B,b A, MPa o'y, MPa
m c 1/m 1078 A2P
-7.484 22.260 -0.1336 943 1034 4

Also calculate two points on the fitted line and show it on the graph.

LS Fit
oc., MPa N cycles
693.2 10

148.8 1,000,000
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210 T, Ex. 92, o= SO0 MPa gives N=

1942 X10° cycles . Replace parts at N¢/3.

(&) X/N) XS = 7 (b) Cormmennt,

(a)XN_: Nez _ Neo
S RLYE

—B —(-0.0977)

= 3.0 <

(b)Y The suggestion is a poor ome as the
XNy=3 gives only an || 4 margin of
Safety im stress, | <4
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911 Fart of 2024—T4 Al subjected +o crc‘,-
250 MFe, with N = 20,000 cycles,

() Xsg, Xy=7 Reczsoma ble 7 (Table 9.1)
Cu= 07 (ZN,) P, '= 900 MPa | b==0.102

1 (6‘3)‘/'9_ ! (250 /(= o2}
Nsz=3 o// ~2\aqoo

\\)§2 =\422X Iosﬁycies
N{?_/N \ 422 X10°/20,000= 4,14 4
><5 =X = 404700 o 92 <
The Safe“f‘y factoy imstresce is too swmall,
(B) Kg=1.¢,N=7 |
= Xs7'/P = 670Dy, 3

N'{z,/x,\, = 1,422 X10%°/100.3 = \41% cydes‘

Yo
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9.21 AISI 4142 ($50HE) steel, 0o = SO0 MFa
Ne =7 For ) Tom =0, (b) 0. = 200, and
(€Y Tomm = — 200 MpPa, (fse Morrow.

Qe = 1937 MPa ) b=-0.0762 (Table 9./)

Gu =0 (2N)P (T =0)

O_
Tar = 7' (2N, )5 oz,-z‘_%.m/, (G O)
O

- /b '/
_ 1 /Ye _ 1/ B0C oo%?_
N{—"z(o:c') -2 /937) S48 XI0"
- cycies |

E-10Ys) o
TN 2%%z

Tar\"b_ | /g92.] Lo.o7s2 ‘
(6r) =1 EL = 1.3/ X0

5 cycles <4

(€Y Tom = -200 MPa

| OO
Oar = 7 (=zoo> — 725,/
(9377
A, = (O‘m—)'/b -725, /0.07{2
£ 2\gy 1937 .

= 1,99 X10°
Cycles 4

(owwemi (=g, 7.22 coylad be Eowp/a}/eg
rrectly /a0 fecw ey siEps.
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9.22

For AISI 4142 (450 HB) steel, with 6, = 800 MPa, estimate the life

for ©,, of (a) zero, (b) 200 MPa tension, and (¢) 200 MPa
compression. Use the SWT equation.

Omax =0z +Om >  /OmaxOq =07 (2N 7)”

1| 4/OmaxCq '

Nr=al" e,

O, MPa b
1937 -0.0762

Stresses in MPa SWT
Ca Om Omax N;, cycles
(@ 800 0 800  5.481E+04
(b) 800 200 1000  1.268E+04 | <4
(¢) 800 200 600 3.620E+05

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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9.23

For Ti-6Al1-4V, with 6, = 600 MPa, estimate the life for 6,, of (a) zero,

(b) 300 MPa tension, and (c) 300 MPa compression. Use the Morrow
equation with the true fracture strength.

GCg _ b
Garzl_o.m/faﬂgs Gar_df(ZNf)
/b
1[0,
Nr=2w,
o's, MPa b G s, MPa
2030 -0.104 1717

Stresses in MPa

O3 Om Car N:, cycles
(a) 600 0 600.0 6.149E+04
(b) 600 300 727.0 9.703E+03
(c) 600 -300 510.8 2.893E+05

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
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9.24
For Ti-6Al-4V, with 6, = 600 MPa, estimate the life for o, of ()

zero, (b) 300 MPa tension, and (¢) 300 MPa compression. Use the
- SWT equation.

Omax =04 +Cm s  +/OmaxOs =07 (2N 7)”

‘ 1/b
1| V/OmaxOq

V=2l o

- o's, MPa b
2030 -0.104

Stresses in MPa SWT
A Om Cmax N;, cycles
(@) 600 0 600 6.149E+04
(b) 600 300 900 8.754E+03
(c) 600 -300 300 1.722E+06

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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9.25

For AISI 4340 steel (6, = 1172 MPa), with ¢, = 500 MPa, estimate
the life for o,, of (a) zero, (b) 180 MPa tension, and (c) 180 MPa
compression. Use the Morrow equation.

/b
1 O,

0a=(0'f“0m)(2Nf)b, Nfz_id_f“":%;

: G'f, MPa b
1758 -0.0977

Stresses in MPa Morrow
Ca Om N;j, cycles
(a) 500 0 1.941E+05
(b) 500 180  6.425E+04
(¢) 500 -180 5.264E+05

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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9.26

‘For AISI 4340 steel (o, = 1172 MPa), with ¢, = 500 MPa, estimate
the life for ©,, of (a) zero, (b) 180 MPa tension, and (c) 180 MPa
compression. Use the SWT equation.

Gmax =02 +Om>  +/OmaxOa =O7 (2N 7)°

V=2l o

G'f ; MPa b
1758 -0.0977

Stresses in MPa - SWT
Gy Om Omax N;, cycles
(@) 500 0 500 1.941E+05
(b) 500 180 680 4.023E+04
(c) 500 -180 320 1.905E+06

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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9.27

For AISI 4340 steel (G, = 1172 MPa), with G, = 500 MPa, estimate
the life for G, of (a) zero, (b) 180 MPa tension, and (¢) 180 MPa
compression. Use the Walker equation with y= 0.65.

1- b
Cmax = Oa *Om » Oar = Gma;{{GZ :O"f(sz)

_ 1/b
1 ojma}'((sz

Nf__2 0"f

o . MPa b ”
1758 00977 065

Stresses in MPa Walker
CGa Om Ormax N;, cycles
(a) 500 0. 500 1.941E+05
(b) 500 180 680 6.451E+04
(c) 500 -180 320 9.602E+05

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
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The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagoglcal purposes
- and the needs of other lnsfructorsfwho rely on these materials.. .



9.28 RQC~OO0 steel, De term/me and

p/pz‘ O_ /\/_f for Various Qma.
Gf': 93% M/%J b:—-&()é?’-g (Table 9./ )

@) Gy = 100 MG
2 =07~ T ) (2N, da=835(2N,)" @7 4

Ch = 738 (20 Y~ 0% <

@\ 05 = =120 MPa |
Cp = /035/(2/%)—'0;0645’ . | <

1000
'--.._____:" "‘\\
@ 700 et h\“-\\
o, T T \""-.__._'
E \"“-.-.._._ \"‘-..__. ‘\..\-.._
b Rt T
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T he [/ime Feor Tm=0 /s strarght om a

log —-leg plot, but +hat For Gm= /00 MPa

s lower and a Genlle curve, The [ime
fFor Tom= —/00 s a gemtle curve cbove
+he T, =0 Ome. |
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9.30 ATST 434°Q steel da'ta at various ., (™
Ex Al awnd 4.5, (@) Calculote amd plot
To/Tar Us. Oom. (D) Add limes For Goodmam,
- Gerber, Morrow G,p amd 07 ; comment,
(@) For each N¢ im data, calculate .
' = 1752 MPa , b=-0,097/ (Table 9.1)

0uMPa o, MPa Ngcycles o, MPa  o.Jo,
379 621 73,780 5496  0.690
345 621 83,810 542.8 0.636
276 621 567,590  450.2 0.613
517 414 31,280 597.6 0.865
483 414 50,490 570.3 .  0.847
414 414 84,420 5424  0.763
345 414 437,170  461.9 0.747
345 414 730,570 439.3 0.785
310 414 445,020 461.1 0.672
552 207 45,490 576.1 0.958
483 207 109,680 5287 0.914
414 207 510,250 454.9 0.910
586 -207 208,030 496.6 1.180
552 207 193,220 500.2 1.104
483 -207 901,430 430.3 1.122
948 0 222 969.1 0.978
834 0 992 837.2 0.996
703 0 6,004 702.2 1.001
631 0 - 14,130 645.9 0.977
579 0 43,860 578.2 1.001
524 0 132,150 . 519.1 1.009
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(b) The equatioms tv be plottes are
Cn / Tz | — O / T0, -(Goodwqm)
To/Tapr = | — (Ton/ow)” (Gerber)
Sa/Tar = \= T/ 6},3 (Morrow
Ta)0ar = \—-G_m/(]}'

Jeoo /yoimfs are calculated +o jolo‘t the
[imear relaliomshjps, and a numbep
are calculated for the Gerbey parabola,
See values om mext page. |

——
p—

Y
%)

(Movrrow
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(9.30, p.3)

o';, MPa b 6. MPa o, MPa G, MPa

1758 -0.0977 1103 1172 1634 (Table A.l)
Goodman line Gerber parabola
Om, MPa  G./Cy om: MP2  6,/0,

-300 1.256 | -300 0.934

1172  0.000 -150 0.984

| 0 1.000
Morrow G line 150 0.984
Om MPa  G./Cu 300 0.934

.300  1.184 450 0.853

1634  0.000 600 0.738

| 750 0.590

Morrow ¢'; line 900 0.410

Gm MPa  G,/Gy 1050 0.197

300 1.171 | 1172 0.000
1758  0.000

The two variations of Movrow give
simijlar limes that agree with the date
as well as 1'ts scatter per-mits, Gerber is
- momcomservative for T, > O and for
T L0 imcorrectly predicts a haromful
effe.c:'i' of “meam stress, Goodmian is
Cam&ekm*we Lor Oom 20O but s Qul'h‘i
imaccurate, <
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9.31 Fov cdata o—F Ex. alamnd 1.5, I:)[o'l;

Oar Us. Ne with Table Q.| lime for
AIST 4340 steel For (a) SWT amd
(b)) Walker with ¥=0.45.

T hne First value for SWT js:

Car= V/J‘mqyo?@: J(GM+O&.)OZ&
Oar=/(621+3279)379 = 6156 MFa
at Ng=73,780cycles

T hem Cow/ﬂéffé’:’ rewafﬂ'?/fwj trer lide s and
plot writha /ime T5,. = T (ZN;)b

1000 |
- Mean Stress, MPa
< O 621
5 A 414 A
E <o 207
= % 207 AIS1 4340 Steel
o0 Gy, = 1172 MPa
-0 Fit
100 L i
1.£+02 1.E+03 1.E+04 1.E+05 1.E+06
: N:, Cycles '

[ he Corre/aﬁbm; /S FEasomable. Cow/ﬁakfzf
to Ex. 9.5, /# /s beller #howy Cwﬁad’}%czw

but 1ot as good as Morrace, <
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(a.31,.2) (D) The £irst value for Walkey is
| |- ¥ -5 __ ¥
Gar = Tavag 05 = (Tom +T2) O

| I— 0,65 065 -
Oap= (621 +379) 279 " =522.2 MPa

at Ne=T72,780 cycles

1000
© i
23 Mean Stress, MPa
= X

= O 621
o A 414 AIS! 4340 Steel
= ¢ 207 o= 1172 MPa
= X -207 - v=0.85

©0
— Fit
100 1 b L taaak 1 k l.llllll .uul.
1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06

N;, Cycles

T he correlalios /s excelleml , be ther than
Goodwmamn, Morroe, o SWT, <

B A M@f&z‘/mp’ %ﬁé/e_g/w/mg all valueg Pfaﬂe.d
js 0om the mext page, |
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.21, p. 3)

o'y, MPa b Y
1758  -0.0877 0.650

SWT  Walker

G, MPa o, MPa N cycles op., MPa o,, MPa o, MPa
379 621 73,780 1000 615.6 532.2
345 621 83,810 966 577.3 4947
276 621 567,590 897 497.6 416.9
517 414 31,280 931 693.8 635.2
483 414 50,490 897 658.2 5999
414 414 84,420 828 585.5 527.7
345 414 437,170 759 5117 4546
345 414 730,570 759 5117 4546
310 414 445 020 724 4738 417.2
552 207 45 490 759 647.3 617.1

483 207 109,680 690 577.3 547.2
414 207 510,250 621 507.0 4771
586 -207 208,030 379 471.3 503.1

552 -207 193,220 345 4364  468.3
483 = -207 901,430 276 365.1 = 397.1
948 0 222 948 948.0 948.0
834 0 992 834 834.0 834.0
703 0 6,004 703 703.0 703.0
631 0 14,130 631 631.0 631.0
579 0 43,860 579 579.0 579.0
524 0 132,150 524 5240 524.0
Line from Table 9.1 constants
161 1000.0 1000.0
1,000,000 426.0 426.0
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9.32

For given data on 2024-T3 Al at various R, and for data of Prob. 9.7:
(a) Calculate and plot 6, vs. N, for the SWT equation, and include the

fitted line for R =—1. (b, c, d) Repeat for equations of Goodman,
Morrow with &z, and Morrow with 6.

Our = 4/OmaxOq (SWT)

G
Gy = “ - (Goodman )
1-06,, /0y, |
o)
Cur = T (Morrow Gp)
1—0,, /GfB :
o}
Cur = : (Morrow O'r)
-0, /G'f

Numerical values and plots are on pages that follow. SWT correlates the
data very well. Goodman gives a poor correlation, being overly

conservative for positive R . Morrow with G is reasonable but inferior
to SWT. Morrow with 6's is grossly nonconservative. |
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(3.32, p.2)

G's b G, Oy Om | All 6 in MPa
1749 -0.1591 359 497 610

_ Morrow Morrow
SWT Goodman (8g) (o%)

R Nfs CYCIeS Omax Oa Om Car Oar Oar Oar
060 252,000 469 93.8 3752 209.7 382.7 243.7 1194
060 520,000 459 91.8 367.2 2053 351.5 2306 116.2
0.40 85,000 448 1344 3136 2454 3642 2766 163.8
040 144,000 414 1242 289.8 226.8 2979 236.6 148.9
040 351,000 372 1116 2604 2038 2344 1947 1311
040 701,000 345 103.5 2415 189.0 201.3 1713 1201
0.02 30,000 448 2195 2285 313.6 4063 351.0 2525
0.02 60,000 386 1891 1986.9 270.2 313.2 2793 213.1
0.02 85,000 362 1774 1846 2534 2822 2544 1983
0.02 156,000 310 151.9 1581 217.0 222.8 205.0 167.0
0.02 355,000 260 1274 1326 1820 173.8 1628 1379
-0.30 24,000 414 269.1 1449 333.8 379.8 3529 2934
-0.30 67,000 345 2243 120.8 278.1 296.2 2796 2409
-0.30 132,000 310 201.5 108.5 2499 257.8 2451 214.8
-0.30 353,000 241 1567 84.35 1943 188.7 181.8 1646
-0.60 6,200 448 3584 89.6 400.7 437.2 4201 3778
-0.60 18,200 372 2976 744 3327 3500 3389 3108
-0.60 43,000 331 2648 66.2 2961 3055 2970 2752
-0.60 112,000 276 220.8 55.2 246.9 2484 2428 228.0
-0.60 172,000 241 1928 482 2156 2135 209.3 198.3
-0.60 231,000 207 1656 414 1851 1806 177.7 169.6
-0.60 546,000 190 152.0 38.0 1699 1646 1621 1554
-0.60 1,165,000 179 1432 358 160.1 154.3 1521 146.2
-1.00 8,000 379 379.0 379.0 379.0 379.0 379.0
-1.00 13,100 345 3450 345.0 345.0 345.0 3450
-1.00 53,000 276 276.0 276.0 276.0 276.0 276.0
-1.00 306,000 207 207.0 207.0 207.0 207.0 207.0
-1.00 1,168,000 172 172.0 172.0 172.0 1720 172.0
R=-1 1,000 521.9 5219 5219 5219

Fit 4,000,000 139.5 139.5 1395 1395

OO0 OO0
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(4.32, p.4)

1000 A
L 2024-T3 Al Rratio = 28
5 - A 04
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& 0.3
E_ -0.6
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g -1 Fit
S
=
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9.3

For given data on SAE 1015 steel at various mean stresses, and for the
data of Prob. 9.9: (a) Calculate and plot G, vs. N/ for the Goodman
equation, and include the line for o,, = 0 from Table 9.1 constants.

(b, ¢, d) Repeat for equations of Morrow with ', SWT, and Walker with

v=0.71.
c X
Cur = & (Goodman )
1-oc,,/0, |
e)
Oy = “ (Morrow ©’7)
a 1-o0, /O"f
Oar = \/OmaxOa (SWT)
G, = Ok O} (Walker)

Numerical values and plots are on pages that follow. Goodman does not
correlate the data very well, being overly conservative for positive mean
stress. Morrow gives a good correlation. SWT is reasonable but inferior
to Morrow. Walker gives an excellent correlation which is the best of
those examined. Thes data at zero mean stress do not fit the line from

Table 9.1 costants very closely at the longer lives, likely due to batch-to-
batch variation of the material. 4
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(9, 3_3) p. 2)

o's b O, Oy Om Y All ¢ in MPa
1020 -0.138 228 415 726 0.71

393,000 172 1720 1720 1720 1720
800,000 158 1580 1580 1580  158.0
228 345 21,000 2625 2487 2360 2446 2375
207 345 42,000 2415 2258 2142 2236 2165
186 345 128,000 2205 2029 1925 2025 1954
207 69.0 29500 276 2483 2220 2390 225.0
193 69.0 54000 262 2315 207.0 2249 2109
186 69.0 74480 255 2231 1995 217.8 2038
172 69.0 162,800 241 2063 1845 2036 1897
165 69.0 113,000 234 1979 1770 1965 1826
152 69.0 683,970 221 1823 1630 1833 1694
193 1034 52,880 2964 257.0 2148 2392 2186
179 1034 73,940 2824 2384 1992 2248  204.3
152 103.4 377,000 2554 2024 169.1 197.0 176.7
241 -345 29000 2065 2225 2331 2231 2304
207 -345 44700 1725 1911 2002 189.0  196.3
186 -345 223600 1515 1717 1799 1679  175.3
228 -69.0 127,380 159 1955 2136 1904  205.4
207 -69.0 172,250 138 177.5 1939 1690 184.0
193 -69.0 473250 124 1655 180.8 1547  169.8
Om = 10 6746 6746 6746 6746

(Table 9.1) . 1,000,000 137.7 137.7 1377 1377

Morrow :
Goodman  (G';) SWT Watker
Ga Om Nf! cycles Omax Oar OCar OCar Oar
558 0 52 558 558.0 558.0 558.0 558.0
455 0 242 455 455.0 4550 4550 455.0
362 0 1,650 362 362.0 362.0 - 362.0 362.0
245 0 15,750 245 2450 2450 2450 2450
228 0 30,000 228 2280 2280 2280 228.0
207 0 90,000 207 207.0 207.0 2070 207.0
0
0
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9.34

For giVen data on 2014-T6 Al at various R, and for the data of Prob.
9.8: (a) Calculate and plot 6, vs. N/ for the SWT equation, and include

the fitted line for R = —1. (b, ¢, d) Repeat for equations of Goodman,
Morrow with G5, and Morrow with G's.

Oar = vOmax Oq (SWT)

G, |
= Goodm:
Lo g —o,, /o, (Goodman )
o) ~
Oy = — (Morrow Gp)
Ga
G, = =0, /o (Morrow G'’r)

Numerical values and plots are on pages that follow. SWT correlates the
data very well. Goodman gives a poor correlation, being overly

conservative for positive R . Morrow with Gz is reasonable but inferior
to SWT. Morrow with o', is grossly nonconservative. 4
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(4.24, p, 2)

. . Nf G,
s; b G 6a  om om=0 1E+03 4428
1120 -0.122 438 - 494 580 Fit 1.E+07 143.8

All ¢ in MPa

Morrow Morrow
'SWT  Goodman  (Gig) (c'y)

Omax R-ratio N cycles o, Om Car Car Car B o

505 0440 24000 1414 .3636 2672 5357 3790 2094
466 0.449 50500 1284 3376 2446 4056 3072 183.8
430 0.451 163,000 1180 3120 2253 3203 2554 1636
376 0.458 675,000 1019 2741 1957 2289 1932 1349
359 0.460 4,890,000 969 262.1 186.5 2065 176.8 126.5
502 0.036 3,500 2420 2600 3485 5108 4386 315.1
456 0.045 12,200 2177 2383 3151 4206 3695 2766
381 0.051 57,100 180.8 200.2 2624 304.0 2761 2201
327 0055 173000 1545 1725 2248 2374 2199 1826
290 0.058 734,000 1366 1534 1990 198.1 185.7 1568.3
276 0.058 3,490,000 1300 146.0 1894 1845 173.7 1495
255 0.058 6,260,000 120.1 1349 1750 1652 1565 136.6
458 -0.388 1,200 3179 1401 3815 4437 4191 3633
455 -0.369 2500 3114 1436 3764 4390 4139 3572
415 -0.373 11,300 2849 1301 3438 3868 3673 3223
345  -0.365 50400 2355 109.5 2850 3025 2903 261.0
252 -0.371 308,000 1727 793 2086 2058 2001 1859
221 -0.367 637,000 151.1 69.9 182.7 176.0 171.8 161.1
193 -0.367 7,260,000 1319 61.1 1596 1505 1474 1395
395 -1.000 1,800 395.0 0.0 395.0.. 3850 3950 3950
336 -1.000 16,300 336.0 0.0 336.0 3360 336.0 336.0
256 -1.000 82,700 256.0 0.0 256.0 256.0 256.0 256.0
220 -1.000 281,000 220.0 0.0 220.0 220.0 220.0 220.0
178 -1.000 1,130,000 178.0 0.0 178.0 178.0 178.0 178.0
172 -1.000 3,490,000 172.0 0.0 172.0 1720 1720 172.0
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1000

I Approx. R

| O 045

] ' O 0.05

] 0 O

® -0.37
o
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&
2014-T6 Al
Goodman
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9.35 ATISI 4142 steel (450HB) s subded‘ed
+6o stresses i Sekwce, of U‘Q = 500, O‘,w, 250
MPe, with N = 3000 cycles desired.

Xs, Xy =7 0= 1937MPa, b=-0,07¢2

Cap = E“ , =00 = 574.1 MFe
- 1=G,. /0% |-250/1937

—~ , b /b
O_a?_: O—‘F (ZN_;z) ) N‘FZ 2 &i’)

— 4,2¢¢ X1D°

cycles

N

I 574—|)1/(-0,o752)
f2 -z ( 1937 |

Xu=Ngo /N = 4266 x10° /3000 = 1422 4
=X = 1422997 _ 1739 <
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2.36 Alloy 2024-T4 AL (s subjected im seyr-
vice to Te =160, 6,,,‘,, =70 MFa, with

N= 5000 cycles desired Xg, XN =7
J¢' =900 MFa, b=-o0./02 (Table 9.1)

—— o~

Car =V Comax O = V(160 +70)160 = 191,8 Mfa

~ b _ Oy Y /b
Tar = 0 (ZNg2) 7, chv-"'"?l_'(m)

| o |
Nf i L?;f) o) = 190¢ X ID_é cycles

Ngz/ [.908 X10° /5000 = 3316 4
xs—: X% = 39:,90*‘02 = 1334 <
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9.37 Al!oy Ti- CAL-4V im service has Liyved

value Ty = 400 MPe, with a mmeam stress
ﬂw@f cam vary expected +o be Goyn = 250 MPa
N= 10,000 cycles is desired, (a) Xy=7,
(b) V=7 0! =2030 MPa, b=-0.104

Car =/Comax O = @O0 + 250400 = 509.9 MPa

— \ b (T N/b
Gar = 0f (2Ng2)7, Ny, “i<?r> |
| f

1/ 5099 \\/(=0.104)
N‘fz"—' (2030 = 2.940 X IO‘;CYC,

Xy =Nez /N =2940 . |
Gt =/ o Ooms + ¥a02) %a O, Ya=1

o;;,'.,:o;'(zf\?) = /(Yo o, + 02 Tt

(67 2RPT% = Yy 02 + 3

V. = (o (Zﬁ)b]
™ O Ocg

04
il (2020 (ZX 10,000 R PPV

= 3,653
250 X400 <
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9.38 Mam—Ten steel {s subjected +o stress
im sepryice o G = 120, T = 190 MFPa, woith

N=5000 cycles des:rec} Vo= Z Yo .

@Y XN=7, (D) Vo= 2Ym =7
Ta 120

[~Cmn/0 |- 190/10%9

G'=/089 MPa, b=-0.11S  (Table 9.0

Sar= 05 (2Ng2)”, Nez =7 o

= 45,4 MPa

1~
Cup =

N = (!4—5.4 /(- 0.115)
272 \ho%9

Xu=Ne2 /N =4027 <

= 2,014 x107 cycles

- OIS
T = O (2N = 1089 (2xS000) |

%Im = 3776 MPOL

L G L (120)
Ga.’k-l: IXST = ZR/

|~ YSom /07 1= Yo (190)/10%9
Solrimg gives Y= 1,234 |
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239 T_gAl-4V (7able %/), cylimdyica)

pressure pessel dy= Z50, =25 sn

@) P = I -‘Fd}b}' /OSC)/C/QS. T, = 1|85 MFa
T = o;' (ZNg)°, 0.'=2020 MFa, b=-0.10%
r=ad, /2

W At max, pressure:

L | + b} 2 =2+

O, =2 (Pr\_— —

OSim= 25p, 0;,,=125p MPa. |, T30, = O

= _ 1 '

Og= z /(O‘,G;-O‘M)l—\- (0‘2'0-:-6;&)7".\. (UEECT.Q)Z‘:

_ | | 21L65p
Om=Om + T + G = 375 MPa

Gor =V (G + ) O (§rom SWT)

Ty = /(2165 +32.5) 375 p =47 /p MFa

7,/ p=2030 (2 ></05)_0’/mL M P,
p=1/2.11 MPa | <

(b)) Calcyjale _X¢ al peak S?‘res.ses,

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
and the needs of other ins}ructors who rely.on.these materials. - ______.



_ (12,14 MFPr) (125 mm)
2.5 mn

= 606 M&

= (0= 0) (02 =03)°+ (g3~

Tn = 525 MFa
Xo=Co /T = 1195/525 2.26 <
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940 ATLSY 4142 steel, 450 KB

o= 1584, T = 1757, A=1837 MPa,B=-0.0762
Solid cirecular shatt, A=S0 mm Iocwl'eof
2elro to T"* 20 R~N-m,

@) )V_; = ¢ G,,=0

r= Ca = \/— rya - \/§ g \/_ (A7/2) Y

Y/
= _F(oonow\ww)() -
at . ’T(O ()25"‘#\)3 —7057 MPGL

- 0,072 |
=A NP = 1837 (N) = 705.7 MPa

1837

4 -3
T, = 2 (0.020 MR, ™) /2
TL0625.m)3 - 2!%9 MPa

T = V— (0% ~53)* + (oy ~03) + (02 - 03"+ ¢ (T-Xyl-k Te + '1;;)

\/’"'T‘JXOO_ 1554 MPa __,"
x, Oy \/_(Sl4cll\4pa) ]2 4

(c) N_g_f: Xy N = 20 (100,000) = 2 X|0“ cycles

=AN,®=
fwr"/z T S |
__:(2@71)/3: [zr(oom MN-m) Y3
™A N{_B (I%B?MN )(2)(10‘) oo%%

F= O0.0263 = 26,3 Mo A=52.5 mm <

|
Ne = (_7_.02.2_ T00762 = 283,500 cycles @ 4

'XYQ
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(%40, P-2)
D X=0Co /T = 1.5, q-.-;_7

O, ==° £ omax
HOX, =32 fan

_ e \

= (243 Tomar %o 172273 (0,02 MN-m) (1.5)]"
| TGCo | T (1S54 MN )

~=0,0275 m, d 55, mamn | 4

(@) d=MAax (52,5, 55,)) = 55/ mm <
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941  AISI 4340 steel ,Ty= 172 MPa

- B -0.0977

Ca= AN~ = 1643 N, MPa.  (G5,=0)
N%z(cjzk )I/-O.O?W

|64-3

| 2000 650 O 13240
2  looop 575 0 44,440
O

3 Ny=2 700

67203

2'&;.‘:‘ :._Z_QQ_Q___!_ 1O, 000 + N‘g
Neg 13,240 46,460 ' 753

N3 = =930 Cycles - |
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9.42

For given repeating stress history and material, estimate the number of
repetitions to fatigue failure. First perform cycle counting on the stress
history. Then for each level of cycling, calculate the life N, usmg the

SWT equation. Finally, apply the P-M rule.

O — Omi
0y == o0, =07 (2N )’

1000

g 222 1 2 3. 1499 1500
g 400
3 203
o 727

200 LV

§< One repetltlon
AlSI 4340 steel, 6, = 1172 MPa Stresses in MPa
oy= 1758 b= -0.0977
| SWT

J N; Omin Omax GCa N; Ni/Nj

1 100 -200 800 500 1.75E+04 5.71E-03

2 4 -200 1000 600 2.20E+03 1.82E-03

3 1500 -200 600 400 2.39E+05 6.27E-03

' Y= 1.38E-02
B =1/Z = 72 d
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(9.42,p.2)

An alternate solution is to proceed similarly except for calculating the
life N ; using the Morrow equation.

Omax 1 Omin

2

1/b

Oq = (0 ~0n)2N )", Np=7 .
m

B{Zﬂ} =1
' onerep

AISI 4340 steel, 6, = 1172 MPa Stresses in MPa

cf= 1758 b= -0.0977
Morrow _
J Nj _Omin Omax Oa Om Nﬁ le Nt]
1 100 -200 800 500 300 2.86E+04 3.50E-03
2 4 -200 1000 600 400 2.14E+03 1.87E-03
3 1500 -200 600 400 200 5.53E+05 2.71E-03
z= 8.08E-03
Br=1Z= 124 <4
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9.43 Estimate repetitioms +o Larlure
for giveam sStress history, For each |evel
o e:y::lf"ﬁﬁ) usrmg SWT, calculate Ng.

O_/rv‘tﬁ ;e %Eﬂﬂ

Oa = , then apply Eg, 7.20.

\/G;ma ' U&) Vb

N, =L (Y2
£7 2 07:

290
S 200
=
o
& 110
N
(o)
0 -
time
-50
- One repetition
B s |
one rep,
2024-T4 Al Stresses in MPa
o't = 900 b=-0.102
| Nj Omin Omax Oy Nﬁ Nj/Nﬁ
1 20 110 290 90 1.03E+0Q7 1.95E-06
2 50 -50 200 125 1.27E+07 3.94E-06
3 1 -50 290 170 4.55E+05 @ 2.20E-06
= 8.08E-06

Be = 124,000 vepetitions B =1/Z=  1.24E+05 4
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9.44

For given repeating stress history and material, estimate the number of
repetitions to fatigue failure. First perform cycle counting on the stress
history. Then for each level of cycling, calculate the life N using the

SWT equation. Finally, apply the P-M rule.

o, = —= > T, JOmaxCa =07 (2N ¢)
/b
v _ L[ JOomaxa . Fz\‘ﬂT _
Il o S [ NﬁJ
' one rep
1500 r
5 1200 |
(a8
= 900 }
&
2 600 }
@
© 300
fime
0 o
: {< One repetition >
AIS| 4142 steel, 450 HB Stresses in MPa
o's= 1937 b= -0.0762
SWT
j Nj Omnin Omax Oa Nﬁ le Nf}
1 3 0 1200 600 2.53E+04 1.19E-04
2 1000 900 1500 300 5.53E+05 1.81E-03
3 1 0 1500 750 1.35E+03 7.39E-04
I= 2.67E-03
By =1/Z= 375 4
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(444, p.2)

An alternate solution is to proceed similarly except for calculating the
life N s using the Morrow equation. '

Omax — Omin

Ga = 2 > Gm - 2
/b
o N |
2%
] one rep
AlSI| 4142 steel, 450 HB Stresses in MPa
o'y = 1937 b= -0.0762 |
Morrow

1 3 0 1200 600 600 1.84E+04 1.63E-04

2 1000 900 1500 300 1200 6.63E+04 1.51E-02

3 1 0 1500 750 750 2.07E+02 4.83E-03

Y= 2.01E-02
B =1/Z= 50 <
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9.45 Estimate repe titioms o -Fczl'/uré for
Givem stress history. Use Morrow; calculate
Ng for each level of cyclimg.

Gg= O_fquz"' G jm o T, = Tomax + Tomim

800 -
o 600 -
o
=
W
[47]
o
in
g 100 i~ o .
0 g — time
H2 V ,
=300 '
One repetition ‘

= |
B{ [Z Nfd Ome rep,

Ti-6Al-4V  Stresses in MPa

c's = 2030 b=-0.104
i : Nj Gmin Omax Ga Om ij Nj/ Nﬁ
1 1000 100 600 250 350 4.51E+07 2.22E-05
2 1 -300 800 550 250 4.01E+04 2.49E-05

Z= 4.71E-05

By= 21,200 reps, By =1/Z= 2.12E+04
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(9.45,p,2)

An alternate solution is to proceed similarly except for calculating the
life N, using the SWT equation.

Omax — Omin b
Og = 3 ’ VOmaxCq = G'f(ZNf)
/b
- 1{ \/Omax O f N j _I
U e B DY B
e : v one rep
Ti-6Al-4V Stresses in MPa
o's= 2030 b=-0.104
SWT
j Ni Omin Omax O, Nﬁ NJI Nﬁ
1 1000_ 100 600 250 4.14E+06 2.42E-04
2 1 -300 800 550 2.34E+04 4.27E-05
= 2.84E-04
B =1/£= 3517 | 4
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246 Ectimate repehTioms +o fallure Tor
- givem stress history, Coumt cycles amd
cCalculate N¢ for each level of cyclimg
us img SWT. Them apply P-M rule.

Somax — Comin

Ca ™=

1200 ¢ ||< One repetition >i|
o 800
o
=
g 400
73]
5 0
time
-400
N | .
J _—
Cg 1. —
Y6 {ome rep.
Ti-6Al-4V SWT
a's= 2030 = -0.104 Stresses in MPa
j N] Omin Cmax Oy Nﬂ leNﬁ
1 400 200 800 300 4.32E+05 9.26E-04
2 8000 -400 200 300 3.39E+08 2.36E-05
3 1 400 1000 700 2.51E+03 3.98E-04
= 1.35E-03
Be= 742 vepetitions By =1/Z= 742E+02 <
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(.46, p.2)

An alternate solution is to proceed similarly except for calculatmg the
life N ; using the Morrow equation.

. Omax ~ Omin Omax T Omin
O, = . 0, =
a 2 " 2
i s /b
‘ b a
=(0r —0,, (2N , Ny=—]—"——
a = (0 —0,)2N r) /=3 R
o N,
Brley,| =
b one rep
Ti-6Al-4V | Stresses in MPa
o'; = 2030 = -0.104
Morrow
] Nj ' Gmin. Omax G, Om ij : Nj/Nﬂ
1 400 200 800 300 500 3.18E+06 1.26E-04
2 8000 -400 200 300 -100 7.66E+07 1.04E-04
3 1 -400 1000 700 300 3.00E+03 3.33E-04

T = 5.63E-04
B; = 1/% 1775 4
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9.47

Sor gives stress history, Usimg Morrow,
calculate Ne for each level of cyclimg,

Estimate repetitioms o failure

. Crmndix — . A £ _ O_/Wlajt + Comim
O-@L_ — 3 O-‘/yn -_— 2

start

210
145

Nej

per yep
AlS| 1015 steel _ Stresses in MPa
o'r= 1020 b=-0.138 |
Morrow _

j N; Omin Cmax Oy O Nj N/Ng;

1 50 0 145 72.5 725 6.13E+07 8.15E-07

2 -95 145 120 25 227E+06 4.41E-07

3 1 -150 210 180 30 1.16E+05 8.63E-06

= 9.89E-06
B =1/z= 101,138 <
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An alternate solution is to proceed similarly except for calculating the
life N, using the SWT equation.

O — Omi
G, = ~ma > i . 1’0maxca =0"f(2Nf)b

1| v/OmaxCa b |— N J
AT el B2 DY o B
S bij
one rep
AIS| 1015 steel Stresses in MPa
' = 1020 b=-0.138 |
| sWT
j N Smn Gmax O, Ng Ni/N;
1 50 0 145 725 B8.49E+06 5.89E-06 -
2 1 95 145 120 1.37E+06 7.31E-07
3 1 -150 210 180 8.23E+04 1.22E-05
3= 1.88E-05
Br =1/Z= 53,271
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9.48

For the repeating stress history of Fig. 9.47(a) applied to 2024-T4 Al,
with 1 unit = 60 MPa: (a) Estimate the number of repetitions to fatigue

failure. (b) For 1000 repetitions expected in service, find safety factors
in stress and life.

(a) Cycle counting of the stress history is available from Fig. 9.47. First,
convert the units for the peak and valley of each cycle to stress in MPa.
Then for each level of cycling, calculate the life N using the SWT
equation. Finally, apply the P-M rule.

(o] — Omi
Ga . max 2 min , /Gmaxca =G'f(2Nf)b

i/b

. 1| V/OmaxOa . [ N j 1 .

I

2 OJf B done rep
See the next page for details. The result is B 7= 36,300 repetitions. <4
(b)
Bra _b
Xy=—2>, Xg=Xpy
B
é, reps sz, reps XN b Xs
1000 36,294 36.29 -0.102 1.442 4
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Cycle MIN  MAX Cmin O max
units units MPa - MPa
E-F -1 3 60 180
A-B -2 1 -120 60
H-C -3 4 -180 240
D-G -4 5 -240 300
2024-T4 Al Stresses in MPa
c's = 900 b= -0.102
: SWT
j Nj Omin Omax Ca Nf] le ij
1 1 ~60 180 120 2.60E+07 3.85E-08
2 1 -120 60 90 2.32E+10 4.30E-11
3 1 -180 240 210 4.08E+05 2.45E-06
4 1 -240 300 270 3.99E+04 2.51E-05
' = 2.76E-05
B =1/Z= 36,294
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9.49

Rework Ex. 9.9 using the équivalent stress level (G, ) method, estimating

the number of repetitions to failure for the given repeating stress history
and material.

Employ cycle counting of the stress history as already done for Ex. 9.9.
Sum the N to obtain N . Then for each level of cycling, calculate G,,,

O, and the quantity N (0, )—1/5. Next sum the latter, and from this sum
calculate G,,, which then gives N and B .

Omax ~Omin
Oy = 5 > Oar = vVOmaxOq

k [ &
Np= ZN ., Ou =|L2Nj(oa,,j)"”b NBj
j=1 -

J=l1
/b
6. =G AN, Ny oM B, ot
aq ~ VAN F f 7 s ’ S Ny
Ti-6AI-4V -
- o'f= 2030 b=-0.104 Stresses in MPa

] Nj Omin Omax Oa Oar - . Nj(o-arj)-”b

1 3 130 950 410 624.1 2.262E+27
2 100 -140 560 350 442.7 2.77TE+27
3 1 -250 950 600 755.0 4.704E+27

Ng= 104 I=  9.743E+27
Caq=  502.40
N;= 338,960
Br= 3,259 |
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9.50

For the situation of Ex. 9.9, assume that 500 repetitions of the stress
history are expected in service. Find safety factors in stress and life.

B
Xy=—2%,  Xg=X7
B
B,reps  Bp, reps XN b Xs
500 3,259 6.52 -0.104 1.215 4

The safety factor in stress is inadequate, as it allows only a 21% margin
for variation in materials properties, uncertainties in the service stress,

etc. _ 4
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9.51

For the rotor revolution stress history of Fig. 9.9 applied to Ti-6Al1-4V,
with 1 unit = 50 MPa: (a) Estimate the number of rotor revolutions to
fatigue failure, and the number of flight hours if 1 revolution takes 0.3
seconds. (b) For a service life of 2000 hours, is a load factor of 1.5
applied to all stresses satisfied?

(a) First perform cycle.counting on the stress history. Then for each level
of cycling, calculate the life N, using the SWT equation. Finally, apply
the P-M rule. |

Omax — Omin
o, = = 5 TR JOmaxO, =07 (2N )?

Ny = Ymeca B Y —L =1
2| o ’ f[ J
/ Nﬁ ‘one rep
150
© (W t
-50 \/

- 100

Be = mo, of rotor revs He = 70, oF hours

| 0.3 sec/vey -
(B¢, revs) ( —5 sec./hk) = H, hours
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(.51, 5,2)

Ti-6Al-4V | | Stresses in MPa

o's= 2030 b=-0.104 .
SWT
] Nj Omin Omax O3 N\‘] | le th
1 1 -50 150 100  2.66E+11 3.76E-12
2 1 50 100 25 1.46E+15 6.83E-16
3 1 -100 250 175 1.55E+09 6.47E-10
%= 6.50E-10

B, revs = 1/X= 1.538E+09
H;, hours = 128,150

AA

(b) Since (a) uses the SWT equation, a load factor ¥ applied to all
stresses has the same value as a safety factor in stress X 5.

H 79
Xy = ; Y=Xg=X3

H,hrs Hp hrs XN b Y =Xs
2000 128,150  64.08 -0.104 1.541 o <
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