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Fatigue Life Evaluation of Notched Shaft Using Local Strain Approach

ABSTRACT

Fétigue life of a notched shaft was evaluated in order to estimate the durability and integrity of
the notched shaft in design stage, Cumulative fatigue damage analysis was performed using local
strain approach based. on the assumption that the fatigue life of a notched component is approxi-
'mately same.as that of a smooth specimen is subjected to the same strain at the notched compo-
nent. In thls paper, shafts with different notch root radius of 1, 2mm resulting in different values of
stress concentration factors were tested under rotating bending fatigue loading condition.
Theoretical stress concentration .factor for each notch tjrpe was caleulated using finite element
method. Fatigue life predicfion program, FALIPS, written in C language was developed using the
strain-life.curve, and the local strain Approach integratihg Neuber’s rule, cyclic stress-strain, and
hysteresis loop equations. The: fatigue life evaluated using the fatigue notch factor obtained from
the experimentally determined_ fatigue strength showed very large scéttering with
honconservatism; but the fatigue _notb_h factors derivgd from the stress concentration factors and
Peterson’s equatioﬁ reduced the considerablely accurate fatigue life evaluation within a factor of
three.

F8714¢0]  Local Strain Approach(F5#H3 &%), Finite Element Method(#%84%), Fa-
tigue Notch Factor (3] 2% A4=), Fatigue Life Evaluation(3] 249§ 7})
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Table 1 Monotonic temsile properties of
SCM4140 steel

Young’s modulus, E(GPa) ‘ ' ) | 200
Yield strength, o,.(MPa) | 976
Ultimate tensile strength, o.(MPa) | 1,076
Reduction in area, % 60
True fracture stfength, o(MPa) 1,524
True fracture ductility, & 0.69

Teble 2 Finite element solutions of the fa-
tigue specimens with different
types of grooves subjected to a mo-
ment of 10 N-m

Groove type |opn(MPa) | S(MPa) | K,

A 299.5 199.0 1.51

B 373.9 199.0 1.88

Fig.2 Finite element model of the rotary. bending fatigue test specimen

—

(a) Specimen with groove A

EEERN
@

(b) Specimen with groove B

Fig.3 Stress contours near the notches of the rotary bending fatigue test specimens
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Table 3. Cyclic stress-strain properties and
low cycle fatigue properties

Cyclic strength exponent, n’ 0.14
Cyclic strain hardening coefficient, K’ (MPa) | 1,781
Cyclic yield strength, o,,' (MPa) 621
Fatigue strength coefficient, o;" (MPa) 1,827
Fatigue strength exponent, b -0.080
Fatigue ductility coefficient, & 1.2
Fatigue ductility exponent, ¢ -0.59
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Table 4 Fatigue notch factor for each
groove type

Groove Fatigue notch factor, K

type | K=K, |Experiment| Peterson’s eq.

A 1.51 1.18 1.49
B 1.88 1.36 1.82
S i
Smax]
AS
SmimT )
0 time

2
~ KrSmu*t %)
E

0 -3

2
- (KeAS)
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Fig.5 Local strain and local stress calculation
using Neuber’s rule
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g Monotonic Properties - -
Material Propertles Cyclie Properties R
: Low Cycle Fatigue Properties o

\ 4

MNominal Stress/Strain History

Load History | Fatigue Notch Factor

Neuber's Rule
Linear Rule

‘| Locai Strain History

y

C Strain-Life Equation
Gﬂgua Life Prediction ] | Mcan Stress Parameters: Morrow, SWT |,

Damage Summation

Fig.6 Structure of FALIPS program
PATIGUE LIFE PREDICTION BY FALIPS VER 1.0

MATERIAL : 5CM4140
MATERIARL PROPERTIES

Young’s Modulua(E) 200000.0000 -

Fatigue notech factor(Rf) - 1.5100
Cyclic Strength Coefficient(R’) - 1781.0000
Cyeclic Strength Exponent(n‘) - 0.1400
Patigue Strength Coafficient(wf’) = 1827.0000 ..
Fatigue Strength Exponent(b) = -0,0800
Patigue Ductility Coefficient(efr) = 1.2000
Fatigque Ductility Exponent(c) = -0.5900

[1] Lcoal Stress/Strain Calculation using NEUBER’S Rule
Resgidual Stresas = 0.
Max. Nomipal Stress = 975. 00
Min. Nominal Steres = =975.00
Max. Lcoal Stressg = 898.84
Max. Lcoal Strain = 0.012057
stress Amplitude - 890.94
strain Amplitude = 0.012057
Mean Stresg - Q.00

{2) Patigue Cra::k Initiation Life using MORROW’s- sguation
NE 2740 (Cycles)

Fig.7 Qutput of FALIPS program

Table 6 Local strains and local stresses in

Table 5 Local strains and local stresses in the fatigue specimens with groove
. the fatigue specimens with groove B using Ki=K:
A using K; =K, Nominal stress, | Local strain, ¢ | Local stress, o{MPa)
Nominal stress, | Local strain, ¢ | Local stress, o(MPa) S(MPa) Er | A2 | O . On. .
S(MPa) foas | DE/2 Omax On 585 0.00750(0.00750| 806.05 . 0 .
975 |0.01206)0.01206] 89884 | 0 3% |0.00409)0.00409| 657.00 | = 0
585 0.00534[0.00534| 729.43 0 293 0.00285(0.00285| 533.03 0
390 0.00308[0.00308] 562.81 0 254 0.00243(0.00243| 470.19 0
292 0.0022410.00224| 438.00 0 195 0.0018410.00184; 365.38 0
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