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Rotating Beam Fatigue Testing
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Fatigue strength S¢

S-N Curve
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Shigley, Fig. 7-6



Fatigue strength S ¢

Fatigue Strength

The Fatigue Strength, S(N), 1s the stress level that a
material can endure for N cycles.

The stress level at which the material can withstand an
infinite number of cycles is call the Endurance Limit.
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o, Stress (Ksi)

Representative S-N Curves
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Note that non-ferrous materials often exhibit no
endurance limit.

Mott, Fig. 5-7



Endurance limit S, , kpsi
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Endurance L imit
Multiplying Factors

(Marin Factors)

S =k, Uk, Uk, By Uk, I8 There are several
factors that are known

S. = Endurance limit of part to result in differences
, . . h

S. = Endurance limit of test specimen betwe§n the endurance
¢ limits 1n test specimens

k, =Surface factor and those found in

kb = Size factor machine elements.

k. = Load factor

k, = Temperature factor See sections 7-8 & 7-91n

k = Miscellaneous - effects factor Shigley for a discussion on

€

each factor.



Stress

M ean Stress Effects

Stress

d)

 The S-N curve obtained from a
rotating beam test has completely

reversed stress states.

« Many stress histories will not have
completely reversed stress states.

Shigley, Fig. 7-12



Stress

Definitions

Omin
Y ' Y
0 Time
Stress Ratio Amplitude Ratio
C_. o)
R — min A — a
Gmax GIT[l

Stress Range
Gr — Gmax - Gmin

Alternating Stress

— Gmax _Gmin
Ga —
2
Mean Stress
G = Gmax +Gmin
o=
2

Note that R=-1 for a
completely reversed
stress state with zero

mean stress.




Mean Stress Fatigue Tes_ting

Fatigue Dynamics, Inc.,
fluctuating fatigue stress
testing equipment.

BC-6 Shutdown Controller.

www.fdinc.com



Amplitude ratio S, /S,

Fluctuating Stress Failure Data
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This plot shows the fatigue strength of
several steels as a function of mean
stress for a constant number of cycles to
failure.

Note that a tensile
mean stress results
in a significantly
lower fatigue
strength for a given
number of cycles to
failure.

Note that a curved
line passes through
the mean of the
data.

Shigley, Fig. 7-14



Master Fatigue Plot
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Alternating stress g,

yr

Fluctuating Stress Failure
| nteraction Curves

Gerber line

Goodman line

Mean stress o,,

Shigley, Fig. 7-16



nating stress o,

Alter

Soderberg Interaction Line

Any combination of mean and

kfsa + Sm =1 alternating stress that lies on or
S S below the Solderberg line will
© o have infinite life.

Factor of Safety Format

Notethat the fatigue stress
concentration factor isapplied

Meansess " onlytothealternating
component.



nating stress o,

Alter

k.S

Goodman I nteraction Line

a_|_Sm :1
S
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Gerber line

Mean stress o,

Any combination of mean and
alternating stress that lies on or
below the Goodman line will
have infinite life.

Factor of Safety Format
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Notethat the fatigue stress
concentration factor isapplied
only to the alternating
component.



Alter

nating stress o,

Gerber Interaction Line

Any combination of mean and
alternating stress that lies on or

2
k.S, N S | _ i below the Gerber line will have
Se S—ut B infinite life.
Factor of Safety Format
2
kafSa + Nme :1
Se Sut

Goodman line

Notethat the fatigue stress
concentration factor isapplied

only to the alternating

Sm Syr Su 3

Mean stress g, Com pon ent .



Alternating stress g,

M odified-Goodman
| nteraction Line

Gerber line

Soderberg line

0 Sm Syr Su 3

Mean stress o,

The Modified-Goodman

Interaction Line never exceeds

the yield line.



Example No. 1

A 1.5-inch round bar has been machined from AISI 1050 cold-
drawn round bar. This part 1s to withstand a fluctuating tensile
load varying from 0 to 16 kip. Because of the design of the
ends and the fillet radius, a fatigue stress-concentration factor
of 1.85 exists. The remaining Marin factors have been worked
out, and are k,=0.797, k,=k =1, and k .=0.923. Find the factor
of safety using the Goodman interaction line.

Shigley, Example 7-5



Example No. 1

(Continued)
S =100.ksi
N — Gmax +Gmin — .
S, =0.500$, =50.ksi O = 5 =4.52 ks1
? I
A=El =177 S, =k k,k.k,S.
=(0.797)(1)(0.923)(1)(50 ksi)
- S. =36.8 ksi
o =10KP _g 04
1.77 1n
o .. =0ksi
o —0

G, =—mm__min =4 57 ksj
2

a




Example No. 1

(Continued)
ko, o, _ 1
+ =
Se Sut Nf
1.85 @.52}(31 N 4.52 kS.l _ 0270 = RS
36.8 ksi 100. ks1 N,

N, =3.67 I



Example

< 5 1n — 5in — PmaX =10001b
| > P . =3501b
\ \ Material UNS
1.5 in. dia. 0.875 1n. dia. G41200 Steel
0.125 1n. rad.

Will the beam have infinite life?

Notch sensitivity
q=0.3

I, 0.249in*

Tpr="(15)= in S, =—L== =0.332in’
I, = 64D - (1.5)' =0.249in = T 0750
. 4

[,=—D!="(0875)' =0.088in" | g =12 0088 _ ;5
64 64 c, 0.438in




Example

(Continued)
< 51in swe— 5in — P___=10001b
1 > P . =3501b
\ \ Material UNS
1.5 1n. dia. 0.875 1n. dia. G41200 Steel
0.125 in. rad. Notch sensitivity

q=0.3

k, -1 D: 1.51n —171 k,=1.61
9= k -1 d 0.875in k, =1+q(k, 1)

r 0.125
_ _ =27 =0.143 =1+0.3(1.61—-1
ke =1+q(k, =1) | 1= 0573 s ( )
Ref. Peterson S




Example

(Continued)
< 5 1n < 51n — PmaX =10001b
| 5 P . =3501b
\ \ Material UNS
1.5 1n. dia. 0.875 1n. dia. G41200 Steel
0.125 1n. rad. Notch sensitivity
Section 1 (Base) q=0-3
. G -0 _. )
o =M _ (1000 1b)(1(1m) 30 1 ke = Omax " Omin g g ki
S, 0.3321n 2
oM, _(3501)10in) _ o Oma + Omin = 50 3 s

min

S,

0.332in’




Example

(Continued)
< 51n > 5in — P__=10001b
T P =3501
| > . =3501b
\. . \ : Material UNS
S5 1n. dia. 875 1n. dia.
1.5 1n. dia . 0.875 1n. dia G41200 Steel
0.125 in. rad. Notch sensitivity
Section 2 (Fillet) q=0.3
5 — 1\/[1 — (1000 lb)(S 1n) — 94 9 ksi Ga — Gmax B Gmin — 810 kSl
s, 0.201in’ 2
M, _(3501b)(5in) _ . .. +GC .
.= = =871k — __ max min  —
O min S 0201 in° S1 G, > 16.8 ksi




Example

(Continued)
Section 1 (Base)
o, =M _(10000J10in) 1 o o~ O “Omn — g g
S, 0.332in : 2
M, _(3501b)(10in) . 6 +0._.
.= = =105k — ~ max min  — X
G min Sl 0.332in° S1 C., — =20.3 ks1
S =116ksi1 i ‘
" 1.0(9.8 gs1) L 203ksi _ o oo
S. =30ksi =S, 30 ksi 116 ksi
k.o. o© 1
= N, = =199
S, Suc  Ng 0.502

Part hasinfinite life.



Example

(Continued)
Section 2 (Fillet)
o, =M _(1000D)Sin) o gy = Om ~Omn — g 10 ksi
S, 0.2011n 2
M, _(3501b)(5in) . 6 +0.. ,
.= = =871k — _ max min_ —
S min S 0.201in’ J G, 5 16.8 ksi
S, =116ksi 1.18(8.10.ks1) L168ksi o os
S =30ksi=S 30 ksi 116 ks1
k.o, o© 1
A= N, = =216
S, Suc Ng 0.463
Part hasinfinitelife.




Assignment
Problem 1

The steel shaft shown in the figure has a ground finish and a minimum tensile strength of
89 kpsi. The shaft rotates at 1720 rev/min and is supported in rolling bearings at A and B,
Estimate the life of the part if the forces are F; = 2000 Ib and F, = 3000 Ib.

I
j (1]

A All fillets & R. B



Assignment
(Continued)

Problem 2

The flat steel spring illustrated is loaded in bending by the force F. The spring supports a static
weight of exactly 9.36 kN. During operation, the total load on the spring 1s estimated to fluctuate
up to 10.67 kN maximum. The spring is forged of a 95-point carbon steel and after heat treat-
ment has the following minimum properties: S, = 1400 MPa, S,, = 950 MPa, Hg = 399, and
32 percent reduction in area. Estimate the factor of safety if the spring is 18 mm thick.




