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Vliv stredniho napéti



Harmonickeé zatezovani

amplituda napéti: o, = ©h~%d
2

stfedni hodnota napéti: o, = Onht04
2

rozkmit napéti: Ao =0 -0y

koeficient nesoumérnosti: R o4
(asymetrie kmitu) oh
perioda kmitu: T
frekvence kmitu: f = l

T

stress

stress ampliiude

stresqd range

mean stress

http://fatiguecalculator.com



Vliv asymetriestredniho napeti
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Stress Amplitude, o,

Haightv diagram
a jeho aproximace

Alternating stress
Reversed fatigue strength
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Slit. 2024 T3/T351/T42, platovany plech (Airbus)
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Maximum stress, ksi

Vliv stredniho napéti

— USA (MIL-HDBK-5J

31 January 2003),

www.qrantadesign.com/userarea/mil/mil5.htm
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http://www.grantadesign.com/userarea/mil/mil5.htm

stress

Smithuv diagram

stress amplitude
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L DSTO
Alternating Load - Mean Load Diagram for
Mustang Wing
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Haighuv diagram - aproximace
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Bezpecnost na trvalou pevnost pri
symetricky stridavém zatezovani

1. Symetricky stridavé napéti
Déna amplituda o,
Stfedni napéti ¢, =0
Mez tinavy soucasti 1000
v kritickém misté (vrubu) il

— alloy steel

GC,V nebo O C

oa [MPa]

="
—
A 4

100
1.E+ 1.E+05 1.E+06 1.E+07
N[1]

k., =— 11



BezpecCnost na trvalou pevnost pfi asymetrickem zatézovani

wr . v - v g stress amplitude
2. Pulsujici nebo nesymetricky stfidavé napéti e e

* Dana amplituda o, /\_ /I\ ]/i\
«  Stfedni napéti o_>0 f

VoS T e

stress

° Mez ﬁnaVy v kritickém miste GC,V stress range mean stress
, , o
Pro mezni bod M plati
> > Cara R,
M
4 ¥ (1)
Ocy Of
% (2)
o,=k.-0, 2) Mezni bod: M, resp. M’
_ o ,
oy =k. 0, 4 Pracovni bod: P
O-a




Bezpecnost pfi asymetrikém zatézovani
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Bezpecnost pfi asymetrikém zatézovani

Pro mezni bod M plati

A

Oy
%4 M _ 4 Cara
T = R
R, R, (3) ¢
c,=k_-o
A o a (2)
o, =k -0,
1 B 1 N 1 B 1 N 1
k Re Re Re k a,Re km ,Re
O-a O-m

Vysledny soucinitel
bezpeclnosti

(2)
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Bezpecnost na trvalou pevnost pri
kombinovanem zatezovani

Dano:

* amplituda normalového napéti (ohyb, tah atd...) o,
« amplituda smykového napéti (krut) >0

* mez Unavy v kritickém misté pro normalove napéti (ohyb, tah) o resp. oy
* mez Unavy v kritickém misté pro smykové napéti (ohyb, tah) 7. resp. 7.y

2 2
T_A + ﬂ =1
(26 Oc

c,=k -0,

z-A :kr.ra

(1)

Mezni bod M

Pracovni bod P

(2)

c=2

v
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Bezpeclnost na trvalou pevnost pfi kombinovaném zatézovani

s vlivem stfednich slozek napéti

Dano:

amplituda normalového napéti (ohyb, tah atd...) o,

sttedni napéti o, >0

amplituda smykového napéti (krut) o.>0

sttedni napéti 7, >0

mez unavy v kritickém misté pro normalove napéti (ohyb, tah) oy
mez unavy v kritickém misté pro smykove napéti (ohyb, tah) 7.+,
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Bezpecnost na trvalou pevnost pfi kombinovaném zatézovani

2 cesty reseni
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Unavové kiivky deformace
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Manson-Coffin — unavova krivka deformace
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Manson-Coffin — matematicky popis

o ...sou€initel tnavové pevnosti, b...exponent unavové pevnosti

& ...soucinitel unavové deformace, c...exponent unavové deformace

Po logaritmické uprave

£ = “Ef'<zN>b, £P! = &' (2N

O'f'

logel =1og®T (2N, loge?’ =loge;'(2N)°

loge? =10g%f +blog2N),  logel' =loge;'+clog(2N)
E

Obé zavislosti jsou primkoveé v log-log systemu

Tranzitni pocet cyklu
= prusecik pfimek:
€ael = Eapl

]
(N, = (2N, f
]
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Manson-Coffin — unavova krivka deformace
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Rekapitulace materialovych parametru
popisujicich unavovy proces

K’ Soucinitel cyklického zpevnéni

O, O, |" (cyclic strain hardening koeff.
E,=&,t¢& ap E + I n’ exponent (.:yklickéhf) zpevnéni
(cyclic strain hardening exponent)

!
O/ Soutinitel tnavové pevnosti

b
0,=0 } . (2N ) (fatigue strength coeft.)
b exponent unavové pevnosti
(fatigue strength exponent)

/ ' Soudinitel inavové taznosti

s —g 4+ = (2 N)b 4 g} (2 N)c (fatigue ductility coeff.)

a ae ap E ¢ exponent inavové taznosti
(fatigue ductility exponent)

6 unavovych materialovych parametri, jen 4 jsou nezavislé:

K', 7, 0';,, b, 8} C

c,=0 -(2N)b = K'(g"f )”' -(2N)C’"’ n' =

22



Odhady unavovych parametru

Hlinikové a titanové slitiny

Parametr Nelegované a nizkolegované oceli
o L5-R, 1,67 - R,
b -0,087 -0,095
&' 0,59 -y 0,35
c -0,58 -0,69
o 0,45-R, 0,42 R,
e 0,45.-%m 110510 .y 0,42. B
E E
N ¢ 5-10° 1-10°
K’ 1,65-R, 1,61-R,,
n' 0,15 0,11
kde v =1,0 pro 12” <3-107

R R
=|1,375-125,0- —= ro—">3-10"°
v=( ] pro®

v =0

BAUMEL, A.; SEEGER, T.: Material Data for Cyclic Loading — Suppl. 1.
Materials Science Monographs 6/, Elsevier Sc. Publisher, Amsterdam 1990

Manson: metoda univ. smérnic (plati pro oceli): As=2¢, =




Materialové databaze

» https://www.efatigue.com/
« https://www.efatigue.com/constantamplitude/stresslife/materials/#a
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Stress Intensity Aluminum 2014-T6, Hand Forged, Su=483.0 Ultimate Strength S,= 69 ksi
Materials Aluminum 2014-T6, Su=496.4 Curve Intercept Sf= 136 ksi
Technical Background Aluminum 2014-T6, Su=510.0 _
Stress-Life Aluminum 2024-T3, Su=490.0 ;uze_ SII;F;:E b= ;:I}I.ITIHDBK SF (fitted data
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_ 2. record from 2 records of 11523
(ID=352)
Manager: jan
Signed by: -
Mark: 11523
Alternate
mark: -
Standard: -—
Group: -
c Mn Si I3 s lcr Ni Mo
Ch“*‘m“_'; o o 0 lo o lo 0 o
E%]_I R W Ti cu A1 b balance
o o o o o o C
Beferences: 1. 1D 1991-000066 : Polik, J.: Cyclic Plasticity and Low Cycle Fatigne Life of
Metals. Prague, Academia 1991. Manager: jan
2
3.
Commentary: —-
Treatment: —
[static data
|Ma.rk |Inp|1t value |Unit |Dmcriplinn
Variables not set:

Tensile elasticity modulus, Shear elasticity modulus, Poiszon's ratio, Ultimate tensile strength,
timate shear strength, Tensile yield stress, Shear yield stress, Elongation at fracture, Reduction of
area at fracture, Density, Hardness (acc. to Brinell), Hardness (acc. to Vickers), Hardness (ace. to
F.oclowell), Coefficient of static strength, Exponent of static strength, Coefficient of static strength in
ion, Exponent of static strength in torsion, Ambient temperature, True fracture strain

|Fu]l}' reversed push-pull

[Mark [Inputvalue [Unit |Description

lepst  [o32 - [Fatigue ductility coefficient

e [-0.51 - [Fatigue ductility exponent

I3 [1090 [MPa [Cyclic hardnening coefficient

™ o173 - [Cyelic hardnening exponent 25

[sigve [372 [MPa [Cyclic yield stress
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