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Jan Papuga

 living in Kunovice, Czech Republic
* PhD in Applied Mechanics 2006
« working at

— Czech Technical University in Prague
— Evektor spol. s r.o. (aircraft producer)
— Fatigue Analysis RI s.r.0. - executive head

« previous jobs — Kappa 77 (producer of ultralight airplanes), SKODA
VYZKUM (VZU Plzen now), ITER facility in Cadarache (France)

« developer of (www.pragtic.com)
« Initiator and leader of (www.fadoff.cz)

« chairman of “Workshop on Computational Fatigue Analysis & PragTic
Users’ Meeting” (3-day educative workshop, 5 volumes already)

* manager of “Damage Tolerance — Methods and Applications 2011”
—a 11-day course in spring 2011

« Etc...
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Filosofie navrhovani na unavu— pristupy

Trvala pevnost

Neomezeny (neomezeny un. zivot)

pocet
o 7 o~ £
cyklu? Casovana pevnost

I (omezeny un. zivot)

Beg_pec“:ny Prohlidky, Pripustné poskozeni
zivot Inspekce? (Damage Tolerance)
SAFE-LIFE

NO Vice
nosnych

elementu?

Pomalé Sireni trhliny
(Slow crack growth)
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Safe-Life: Metody predikce zivotnosti

o Pristup pomoci nominalnich napéti Poskozeni
_ odpovida finalnimu
(NSA - Nominal Stress Approach) lomu soudasti

o Pristup pomoci lokalnich elastickych napéti

(LESA - Local Elastic Stress Approach)

(LPSA - Local Plastic Stress and Strain Approach)

L e e e e e e e e e e e e e e e e e e e e e e e e e e e o e o e e
i Pogkozeni !
| o Pristup pomoci lokalnich elasto-plastickych odpovida vytvoreni ;
I technicke 1
1 —_r . i

| napéti a deformaci makrotrhliny §
| |
I |
| :
! I
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Rozvoj poskozeni
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Fatigue Life, 2N;

SOCIE, D. F.: Critical plane approaches for multiaxial fatigue damage assessment. In:
Advances in Multiaxial Fatigue, ASTM STP 1191. Red. D. L. Dowell a R. Ellis, Philadelphia,
American Society for Testing and Materials 1993, pp. 7-36.



Formulace S-N (Wohlerovy) krivky

« August Wohler data uvadel jen v tabulkach
« Teprve naslednici je zacali vynaset v grafech
« Ateprve Basquin (1910) formuloval vztah

b
O-a — O-f l(2 N )
FADO1 ¢ FADO1-bM END
140 u ® FADO1 -t break
) Alternativnl’ Vztah 130 +— A FADO1 - Kohout & Viichet regression
— - —— FADO1 - Basquin-ypa ragression
120 2
w =
O, N=C € 1o =
< BN
% 100 »
v = -
» Kohout-Véchet i w 38
P 80 I
i . am— -

N+C

N+BY " =SSiiES:
O,=0 60 5
a C 10000 100000 1000000 10000000 100000000

Number of cycles []
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S-N krivka — co vilastne hledame?

70 , : :
;l%”s | Rice, R.C.; Jackson, J. L.; Bakuckas, J.;
60 : ° e & Thompson, S.: Metallic Materials
1l - g'g:g Properties
E) 50 4 - Runot H Development and Standardization (MMPDS)
P \\ B [DOT/FAA/AR-MMPDS-01 Report]. FAA,
w = Il
@ 40 - Washington D.C. 2003.
wn 1
El % Ex
A
m » v
Z| 20 ;
10 |- Ntlate:l Stresses are based
on net section.
0 S S
10? 104 10° 106 107 108

Fatigue Life, Cycles

Product Form: Rolled bar. 1.125 inch diameter

Test Parameters:

Loading - Axial
irequencv - 18& to 3600 cpm

V-Groove. K, = 1.6
0.450 inch gross diameter

0.400 inch net dia

0.100 inch root radius, r

60° flank angle. @

neter

Surface Condition: As machined

Properties: TUS.ksi TYS.ksi Temp..°F Temperature - RT
73 49 RT Environment - Air
Specimen Details:  Semicircular No. of Heats/Lots: Not specified

Equivalent Stress Equation:

Log N;=12.25-5.16 log (S.,-18.7)

Seq = Suax (1-R)™

Std. Error of Estimate. Log (Life) = 0.414
Standard Deviation. Log (Life) = 0.989

2 P
-=82%
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Faktory ovlivnujici unavovou pevnost

Loading factor Oxidation factor

Size factor Hydrogen embrittlement factor
Surface quality factor Irradiation factor

Notch factor Load frequency factor

Mean stress effect
Residual stresses

Effect of thermo-mechanical
treatment

Temperature effect

Multiaxiality factor
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Mez unavy
m Mezné napéti, které maze byt v soucasti opakované vybuzeno, aniz by
doslo k jeji poruse béhem libovolného poctu cyklu
m Nékdy pouze konvencni hodnota (hlinikové, horCikove slitiny)
m Dulezité, pokud navrhuji na nekoneénou Zivotnost (trvalou pevnost)
m Giga-cycle fatigue (GCF) / Very high cycle fatigue (VHCF):

A

©
@)
@)
o
2
Notch effect dominant Material structure dominant
~106 ~10°

Log N



Mez unavy - odhad

MPa
280 700 1120 1540 . -
140 Tensile Strength, ksi
. 0 a0 2] 120 160 200 240 280
130 1 Rare == 910 #1250 ! [ T I ’ I ' | ! I ' I ' e
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E % £ o | ! | L L_1q
¥ 70 > MNarmal 1ﬂ_r polished 450 a 400 BODO 1,200 1,600 1,800
g / specimens Tensile Strength, MPa
L
A .
60 /:// % http://fatiguecalculator.com
40 /7 N 280 .
/ Severely notched specimens ST E E LS .

30

cc Vv tahu= 0,35 Rm
Corroding specimens V Ohybu - 0,43 Rm

10 0
40 B0 B0 100 120 140 160 180 200 220 240 260

Wtimate tensile strength — ks

20

v krutu = 0,25 Rm .

FIGURE &-9

Relationship Between Fatigue Limit and Ultimate Strength for Steel Specimens (From Steel and lfs Heat
Treatment, by D. K. Bullens, John Wiley & Sons, New Yaork, 1948 with permission of the publisher)
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Mez unavy - odhad

Skupina materialt

Kalena ocel 0,4 0,577 oc = fwe ' Rm
Nerezova ocel 0,4 0,577 .

Ocel na vykovky 04 0,577 Te = Jwx - 0c
Jiné oceli 0,45 0,577

Ocelolitina 0,34 0,577

Kuli¢kova litina 0,34 0,65

Tvarna litina 0,3 0,75

Seda litina 0,34 1,0

Tvarena hlinikova slitina 0,3 0,577
Lita hlinikova slitina 0,3 0,75
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Gigacyklova unava

* Trhliny muzZou vznikat i
uvnitr materialu

S
e PN RS
et

 Dusledek materialové
nehomogenity

@ ) 2 Fish-eye @
GBF

Qutside of GBF
(Fish-eye)

Inclusion GBF zone

@ @

5um
e r——
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Pyttel, B.; Schwerdt, D.;

. 2 . high 1
Gligacyc le Fatli gue fotigue e there o fatigue

limit? Int J Fatigue 33
(2011), pp. 49-58.

a _ &
Ck15, R=-1 o EN AW 6082, R=0
> >
Ni Ny
¢ High-strength steel Oa High-strength steel
SUJ2, R=-1 100Cr6, R=-1, cycled
R up to 100
i
N N
Design gode Matenial Assumption
FEM-Guideline [17] Steel. castiron Jc=35 for LCF, fatigue limit from NV;=10%,
aluminium afloys. Ni=108, k*=15, fatigue limit from N;=10¢
TW-Recommendation [19] | Steel aluminium gllovs. welded | M=107, £*=22, no fatigue limit
Eurocade 3 [18] Steel Eatigue limit from Np=3x10°
Eurocode © [20] Aluminium Fatizue limit from N=10¢
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Sonsino CM. Course of SN-curves especially in the

G' I F t' high-cycle fatigue regime with regard to component
|gacyC e a Ig ue design and safety. Int J Fatigue 2007; 29:2246-58.

Decrease per

. *

Material N k decade in % 1/T,

Steel, not welded >x105 - high-strength 45 5 1.20
2x106 - structural steels
1x10° - thermal stress relieved 45 5

I I 1.

Steel, welded 1x10’ - high tensile residual stresses 22 10 >0
5x10° - high-strength

Cast steel 2x10° - medium-strength 45 > 1.40

. 5x10° - high-strength
Sintered steel 9%10° - medium-strength 45 5 1.25
10° - high-
Cast nodular iron >x10_ - high-strength 45 5 1.40

2x10° - medium-strength
Wrought Al alloys, not welded 1x10°-5x10° 22 |10 1.25
1x10° - low tensile resid. stresses

Wrought Al alloys, welded 1x10’ - high tensile resid. stresses 22 10 145

Cast aluminium 1x10°-5x10° 22 |10 1.40

Sintered aluminium 1x10° 22 10 1.25

Wrought Mg alloys, not welded 5x10*-1x10 45 5 1.20

Cast magnesium 1x10°-5x10° 45 5 1.30
5x10° - low tensile resid. stresses

Wrought Mg alloys, welded 22 10 1.50

1x10’ - high tensile resid. stresses
Vysvétlivky: N, ~ bod zlomu; k* ~ sklon S-N kfivky za bodem zlomu; T, = o, (Ps=90%) / o, (Ps=10%)




DYNAMICKA UNOSNOST A ZIVOTNOST _-

Nominalni napét'ova unavova analyza

4 N
Nomindln{ metnd}r {(Nominal Stress prmach— NSA)
Historie Viiv tvaru a Wahlerova kiivka
zatéZovani technnlngie materialu

b

) s

T,

v

Dekompozice

acigl
- *

S

Vliv stredniho

Waohlerova kiivka
soucasti

napéti

Caf -

[ T

e

N

il

Unavové testy

=~ -
g

Relativhi hypotéza
Palmgrena a Minera

Hyp. kumulace

D =2p

2pred - D2 1.exp

Falmagren-Miner:

N,
D=Eﬁi

v

v

Unavovy Zivot soucasti

* Prakticky
vsechny
casti
postupu uz
zname



Proc¢ ,,nominalni*

* VVychazime z jednoduchych analytickych
vztahu pro vypocet nominalnich napéti v
prurezu soucastsi

* Vhodné pro:

— Jednoduche
prizmatické
nosniky

— Navrhovy
predbezny
vypocet
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Co ale vruby?

o Koeficient tvaru -

— Mira lokalniho zvySeni napéti v dusledku vrubu
— Zastupuje podrobnejsi MKP vypocet

« Koeficient vrubu K, =p="C¢

Oc

— Mira snizeni meze unavy vrubovaneho dilu

« Soucinitel unavy K,
— Vzdy vetsi nez 1 K



Soucinitel tvaru

Zjisténi koeficientu
tvaru (stress
concentration factor,
SCF)

1 J_l!lllll a!

Razicka, M.,
Hanke, M., Rost,
M.: Dynamicka
pevnost a
zivotnost. CVUT,

Priklad:

D =11.5 mm 2 L9687

d=10 mm . Str. 194-195
p=0.5mm 13-

g




Kde hledat na Internetu?

(‘ Da https://www.efatigue.com/constantamplitude/stressconcentration/#a

ﬁfaﬁgge

usted source for fatigue analysis
= Menu

‘ ) Search |

Stress Concentration Factor Finder

Sign up for
eFatigue today!  Rouynd Shaft with a Single Fillet

Fatigue Technologies
Constant Amplitude Te

Tension Bending Variables
Fatigue Calculators -

Stress-Life .
Strain-Life | Net Section Stress v‘
Crack Growth D l11.5 \ [mm V|
Finders
Stress Concentration d l10 \ [mm V‘
Stres§ Intensity r l0.5 \ [ T v‘
Materials
Technical Background where
Stress-Life D-d > 0.2%r
Strain-Life

D-d < 40%r in tension or bending
D-d < 8%r in torsion

Crack Growth
Variable Amplitude
Finite Element Model
Multiaxial
Probabilistic
High Temperature
Welded Structures
Cast Iron
Small Defect v Area

Utilities
Loading History
3D Viewer

About
Getting Started
Contact Us

~Cnas
Glossary L2 ﬁ-gue
Staff

Languages Zdrojem analytické formule pfevzaté z:

* HAE
Results Pilkey, W. D.(2005). Formulas for Stress, Strain, and
K¢ = 1.52 Structural Matrices.2nd Edition John Wiley & Sons

( calculate Kt | ( Select Different Geometry |

Zjistéeni koeficientu tvaru (stress
concentration factor, SCF) — trochu
vice ,trendy” reSeni:

www.efatigue.com
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RuUzna vyjadreni soucinitele vrubu

V zavislosti na tvarovych vlastnostech (p — radius v kofeni vrubu)

Thum K, :1+(Kt_1).q:£ Doda’_tgc":né’
n materialove
parametry
K, -1
Neuber K, =1+

K, =1+ Al
Peterson
1+ —
Yo,
K, = %
Heywood N
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Thum — soucinitel vruboveé citlivosti

oﬁ‘(RN)s qg %‘)

1,0

0,5

0,4

0,3

0,9

0,8

0,7

0.6 F

: —22-0,95
i R,= wml 0.9
-
1200
/ y 0,7 I
) S ]
Iy >
0,6 _—
d e
A
/]
/ /
Y, % G0 =3 (G + )
i Q'k" Ch.
i f=1¢(ct-1)q
0 1 2 3 4 5 ¢[mm]

* Bylo by pekne,
aby vrubova
citlivost byla
Ciste
materialovy
parametr

« Ale neni
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RuUzna vyjadreni soucinitele vrubu

V zavislosti na relativnim gradientu napéti y* y'= 1 @
o\ OX o
FKM-Richtlinie

1

1 1

y'<0,lmm™ 0,lmm™" <y’ <lmm™ lmm™ <y’ <100mm™

R
aG +—m

n, =1+\/7.10{%+§_ZJ n, =1+W.10_( bcj

R
ag —0,5+—mJ

n, =1+7’.10{ €

Nerezova Litda Jina Kulickova Tvarna Seda Tvarena Lita
a; 04 0,25 0,5 0,05 -0,05 -0,05 0,05 -0,05
bgs 2400 2000 2700 3200 3200 3200 850 3200
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Bauteilform Go(n) 7% | Gyr) ™ n w ,
5 Zjednoduseny
Mbl vy My,
*{1\[}1*"'*;51—‘{{)--— E-(1+ ) l V4 \V4
R P e, | oo | g vypocet
1
[ v .
Jigwr 500 ws | ¢ FKMsmernice,
. _|_(P —_
T r r VY .
vydani C. 6:
5 FKM-Guideline: Analytical Strength
;”ﬂ**m - Assessment of Components in
Mechanical Engineering. 6th revised
edition. Frankfurt/Main,
EQH(L+¢) — Forschungskuratorium Maschinenbau
i ' (FKM) 2012.
Mb ""'_'\Mb AV ’
el r Ay 2,
BNy, | 2 - | * G_,—pomeérny

Rundstab oder Flachstab g rad i e nt n a p ét I’

@' r> 0. Fir Rundstibe gelten die Gleichungen niherungsweise auch
bei Langsbohrung.

Y @-0 furt/d>0250dert/b> 0,25,
e=1/(4-J1/r+2) fort/d<025bzw. t/h <025,

“' Das bezogene Spannungsgefille Gq(r) gilt fiir Zugdruck und fiir
Biegung: der Unterschied wird mit der Stiitzzah! ng{d) in GI. (2.3.2)
und (2.3.3) beriicksichtigt.
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VIiv vrubovitosti

e Geometrie vrubu

l Nomogramy, efatigue.com

* Soucinitel tvaru
1 Thum (vrubova citlivost), FKM (gradient napéti), jiné metody...

 Soucinitel vrubu

o
l Ky Eﬁ:G_S

C

* Snizeni meze unavy S-N krivky



VIiv vrubovitostl

K, vyjadruje lokalni zménu napjatosti ve vrubu, tj. predpoklad

m 4 snizeni meze pevnosti koeficientem K, je konzervativni
o

S Redukce meze pevnosti ve kvazistatické oblasti:

— Kfehké materialy — snizeni K, krat

Houzevnaté materialy — zadna redukce

material
Log N
OfrL, Oc ;= < 4

OFL notched Onom
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Viceparametricka formulace rodiny S-N krivek

materidl ocel 300M , Rm=2000 MPa

- . . o v v
800 \ e Heywood formula modification : Ruzicka
\ —alfa=1,0..katalog
\ ——alfa=2,0..katalog
700 \
—alfa=3,0. katalog
\ \ —alfa=5,0..katalog
600 \ 0 ——alfa=2,0..vjposet
\ \
w \ \\ —alfa=3,0..vjpodet
g \\ \\ ——alfa=5,0..vypocet
N
T 500 \ -
K] \ ™™
- \\ \N I~
)g \ ‘\\\ \~‘~~-
2 400
c N
© \ \\
] . N 1 S 1 O O N B | O R R N
3 N S
3 300 N N
£ N - ~
£ NN : ~L |||
N \\\
200 \\\ . ~_
™~ T |
‘\\ P
T 5 { 1 Kﬂ
o K3
(1+7)" R,
0

1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

Number of cycles Pouze pro info!
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Vliv velikosti nejzatizenejsi oblasti



DYNAMICKA UNOSNOST A ZIVOTNOST —
Vliv velikosti nejzatizenéjsi oblasti

« Unava — koncept nejslabsiho &lanku

 Poskozeni jediného Clanku retezu vede Kk roztrzeni
retezu

. Cim vétsi oblast pod velkym napétim, tim
pravdepodobnegjsi poruseni

v

Fatigue limit:  pysh-pull <  Rotating bending < Plane bending

®@ O O

Size effect vs.  Stress gradient effect
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Koeficient typu zatizeni (Loading factor, k)

« Meze unavy byvaly cCasto definovany v moddu prostého
ohybu (tj. v€etné vzniklého gradientu napéti)

« Vzorek zatizeny v tahu bude mit nizSi mez unavy nez v
ohybu

« A tohle ma resit koeficient typu zatizeni (pamatujete odhad
meze unavy?)

Loading Type K,

Axial 0.9

Bending 1.0
Torsion 0.57
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Vliv velikosti (Size effect, k.)

1
0,9 2

0,8 &= e |
0,7 '

0,6 :
10 20 30 40 &0 60 70 &80 ©0 100 110 120

d (mm)

d -0.1133
Ks = (762) Stanoveno pro d = 3 - 50 mm

~ V pfipadé prostého ohybu: |d
0.3 inch PHp P y 0.077

A0.95
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Vliv velikosti — exponovany objem

Ekvivalentni prumeér L
. v r . rv ’ v g 10 l g T m
* Objem souasti zatizeny napétim OQJ\ P ey oo
presahujicim 95% maxima ‘ N.
0.8 S~ -
— T
D ve )" Koeficient m 07 —
Oc exp .
kS = a0 |= Vd  Qceli: -0,03 + -0,06 0,6
Oc exp « Konstrukéni ocel: -0,034
03 0 50 100 . B0
o A ¢D [mm]
A | obr. a/
: i 4,
ﬂS 10134 -
& v N 1... uhlfkové oceli |
- \\ 2...slitinové oceli
\X NEARS
08 A N \‘\\\\
0.7 \\ ’\\ -——.,_____‘1;
06 ‘\\"'::-‘~ 13-‘“
REEEP EEES e
“ ® s

obr. b/
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Vliv stredni hodnoty napéti
(Mean stress effect — MSE)
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Vliv stfredniho napeéti cyklu

Goodman. 1890: Haightiv - Goodmantiv diagram

".. whether the assumptions of
the theory are justifiable or
not.... We adopt it simply
because it is the easiest to use,
and for all practical purposes,
represents Wohler’s data."

Aproximace v oblasti tahovych predpéti Re/
. =0, 1_(%} % \af ~o! =(15..1,7)R.
o

-Gm +Gm

m=1 Goodmanova pifimka
m=2 Gerberova parabola Re 0 Re o, (R,)
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Vytvoreni Haighova diagramu (dle Fatemiho)

o; — true fracture stress
S,—yield stress
S;— fatigue limit
Sy — cyclic yield stress
S..;— critical alternating tensile stress (below this stress the cracks
will not propagate)

=70 MPa (hard steel)

= 30 MPa (mild steel)

= 20 MPa (high-strength aluminum)

cat

Figure 7.11 Haigh diagram.



DYNAMICKA UNOSNOST A ZIVOTNOST

Citlivost na stredni napeéeti M

__ Og,r=-1

1,01 M = -1
4 [ =
z 2 8 P 9a,R=0
.-\::0,8- SB 5 0 (S 3 uB
2 ~ @ 8 2.2 god
2 3 2 8
‘E-O.s’ 5\’3‘\\9
2
[
504_ . .
= Anon.: Mittelspannungseinflull auf
“ 4 1 ' '
& ; Streubereich fir das Schwingfestigkeitsverhalten
g 0,24 ||H i 3 Flachstabe mit Innenkerbe . . . .
s A - Ha,=1.omss,o geschweillter Aluminiumlegierungen.
- Y Axial-Beal hi
o Nz,o.‘*bi:?;‘:jpj’fso%, [AIF-Nr. 12676 N, DVS-Nr. 9.031]. TU
"0 200 400 600 800 1000 1200 1400 1600 1800 2000 Braunschwelqg, Braunschweig 2004.
Zugfestigkeit R, [N/mm?2]

Bild 2-1: Mittelspannungsempfindlichkeit verschiedener Werkstoffe in Abhiingigkeit von der

Zugfestigkeit /5/ (aus /25/). 1.0 =
g g ( ) Py= éO % | S Ga(R=-1)
U A, 2 M=——-1
o \/r°'7s; a7 Ga(R=0)
s Al-und Mg- Aluminium- Tls 2
08 = Gusswerks’goffef_kneﬂegiemngen 73 %{ é
E - ‘ H 3 - g 5 _istahlguss
= = : § oaie0) " - |
é 5 g £3 2= Eisengraphit- ™ _ - ‘B ")
T = &> G.m oo Kstoff =" | |__4Stéhle
. . . . c 0 £ fy 3 < -gusswerkstoffe = :
Haibach, E.: Betriebsfestigkeit - S TR | eE - //,//j/!//g/
Re 9 & N R 4=
Verfahren und Daten zur B gl : &l 885 _ 1] i :
. . c Ua T : 0] A M
Bauteilberechnung. Springer 2006. 2 ‘ » I | 2 X
g P z 3 . ,
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] ~ 1 4 A 4 y
Vliiv stredniho napeti v tlaku
10
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DYNAMICKA UNOSNOST A ZIVOTNOST —
MSE — dopad na S-N krivku

Mimo mez unavy (Haighuv diagram), muze byt potreba

modifikovat celou S-N krivku:

Mean stress effect evaluation

e Shift?
; i il e .
Sum=S,-188 -~ — - - i g i ) .
S, =820 ~----n an U L e B e —&— 7T | Fatigue limitin
8um=5,r420 === S b WL i <o fully re\{ersed
_ : ﬂ\x i loading
= o : ; —
10 i Hr —0 xw_ Fatigue limit
i . 188 | amplitude, if
L o e i 5..=320MPa
V(1 420 :
i Su line |
. Nu.m: : 1, 1 M
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Posuv zivotnosti na mezi unavy

Fillet r=0.4 mm V-notch r=1.6 mm Aluminium alloy 21247851
U-notch r=1.6 mm Hole r=2 mm Kt =2.3

R=0 R=-1
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A FAD71 - V-notch e FAD81 - Hole e
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Ekvivalentni napéti kmitu

pracovni obecny kmit

/\/ ekvivalentni mijivy knut R=0

(o)
. A

\/ éast

O\ |ekvivalentni symetricky stiidavyk mit R=-1

Oding / Walker:

_ w o AW 1-w w
O-h,eq_o-max.(l_R) _2 'O 'O

max a

MIL HDBK:
O eq =\/2-(0'a+0'm)-0'a, prooc, >0

O eq :\/E-aa, proc, <0

pro p=0,5 prejde v Odinga

= pfevod napétovych kmitu s
riznou stfedni slozkou, na
smluvni symetricky stridave
nebo mijivé kmity se stejnym
unavovym ucinkem.

Landgrafa o, —_ %

eq
Morrow: 1_[%]
!
O

SWT parametr:

o z\/(aa +c7m)- Ees,, proo,>0

Ga,e

¢ =0a Pproo, <0

— o/ - =7
,Walker": O-a,eq — Ya (Gm +O_a)
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Jiné mody zatizeni

 Pro torzni zatéZzovani se |ze setkat s tvrzenim, Ze stredni
hodnota torzniho cyklu ve vysokocyklove unave nehraje
roli — to je NEPRAVDA

Effect of mean stresses
e AMP-To, MS-Ax o AMP-Ax, MS-To
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Shrnuti: vliv stfredniho napeti cyklu

 tahoveé stredni
napéeti snizuje

Uinavovou pevnost //\

¢i zivotnost AT
: i /

— vliv nutno korigovat y4

 tlakové stredni
napéti muze
unavovou pevnost Ci zivotnost zvysit
— vliv mozno zanedbat

« stredni smykove napeti take snizuje unavovou pevnost Ci
zivotnost
— vliv nutno korigovat
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Mimochodem...

Kdyz uz tu tak pekne odhadujeme nejaka referencni napeéti:

« Co se stane, kdyz u dané krivky omylem prezenu nebo
nedocenim napeti o 10%?

« Zkuste: S-N krivka se sklonem (exponentem) 10.

chyba v odhadu napéti 20% 10% 5% k 10
pretizeno: nasobek spravné zivotnosti 0.162 0.386 0.614
podtizeno: nasobek spravné zivotnosti 9.313 2.868 1.670
faktor zkraceni zZivotnosti 6.192 2.594 1.629
faktor prodlouzeni Zivotnosti 9.313 2.868 1.670
chyba v odhadu napéti 20% 10% 5% k 15
pretizeno: nasobek spravné zivotnosti 0.065 0.239 0.481
podtizeno: ndsobek spravné Zivotnosti 28.422 4.857 2.158
faktor zkraceni zivotnosti 15.407 4.177 2.079
faktor prodlouzeni Zivotnosti 28.422 4.857 2.158
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Vlastnosti povrchové vrstvy
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Vliv jakosti obrobeni povrchu

real
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Vliv jakosti obrobeni povrchu

1000 -
—— .:,:’. Noll and Lipson:
% -7 . Ground Allowable Working
o Stresses. Society
% _ for Experimental
P Machined Stress Analysis,
=
= Vol. III, no. 2,
& 200 T e Hot Ralled 1949
= Forged
0 L= . L . L L L . L . )
i 200 00 Goo 200 1000 1200 1400 1600 1200 2000
Ultimate Strength, MFa
_ B
fSurf =a-R,
a 1 4 A4 r .
p * Regresni stredni krivky —
Ground 1.58 |-0.085

nikoli bezpecne
Machined 451 |-0.265

Hot rolled S7.7 |-0.718 Vyhodnoceni pfrevzato z efatigue.com
Forged 272 |-0.995
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« FKM-RIchtlinie

Vliv jakosti obrobeni povrchu

Jsuy =1—a-logR. -log

m,N ,min

2-R

prenasobit koeficient a parametrem f,,

R, Stfedni drsnost v mikronech

R,, Mez pevnosti v MPa

Pripraveno pro analyzu normalovych napéti, pro smykova napéti nutno

Ocel Lita ocel Litina s kuliCkovym Tgmperuuana Eads liting HI_|r_1|Ir=:|:we" f HI_|r_1|Ir=:|:m.'ea

grafitem litina slitiny tvarene |shtiny lité

a 022 0.2 0.16 0.12 0.06 022 0.2
R .ty min 400 400 400 350 100 133 133
it 0.577 0.577 0.65 0.75 1 0577 0.75




DYNAMICKA UNOSNOST A ZIVOTNOST

Vliv technologie uprav povrchu - k;

tech
Frogn = —om
tech etalon
C

FKM-Guideline: Analytical
Strength Assessment of
Components in Mechanical
Engineering. 5th revised
edition. Frankfurt/Main,
Forschungskuratorium

Maschinenbau (FKM) 2003.

Levy sloupec —
nevrubované soucasti

Pravy sloupec —
vrubované soucasti

e

Steel I
Chemo-thermal treatments |
Nitriding 1,10 - 1,15 1,30 - 2,00
Depth of case 0,1...0,4 mm (1,15 -1,25) | (1,90 -3,00)
Surface hardness
i 700 to 1000 HV 10
Case hardening 1,10 - 1,50 1,20 -2,00
Depth of case 0,2... 0.8 mm | (] 20 -2,00) | (1,50 - 2,50)
Surface hardness
670 to 750 HV 10
Carbo-nitriding
Depth of case 0,2 ... 0,8 mm ([ 8[].}
Surface hardness ’
670 to 750 HV 10
Mechanical treatment
Cold rolling 1,10 - 1,25 1,30 - 1,80
(1,20 - 1,40) | (1,50 -2,20)
Shot peening 1,10 - 1,20 1,10 - 1,50
| (1,10 - 1,30) | (1,40 - 2,50)
Thermal treatment
Inductive hardenin 1,20- 1,50 1,50 - 2,50
& (1,30 - 1,60) | (1,60 - 2,80)

Flame-hardening
Depth of case 0,9 ... 1,5 mm
Surface hardness
51 to 64 HRC




DYNAMICKA UNOSNOST A ZIVOTNOST

Shrnuti: Vliv jakosti povrchu

 VIliv drsnosti povrchu je nejvysSi pro vysoké podcty cyklu
« Termomechanické upravy povrchu ovlivni povrchovou
Vvrstvu
— mirné zmeny statickych vlastnosti
— vyrazneé zmeny meze unavy
— 1j. efekt se snizujici se cilovou zivotnosti klesa

v



Zbytkova pnuti

* Nasledek predchozich zmen -

zahrnujicich plasticke pretvoreni

» Tlakoveé zbytkove pnuti pozitivni

(vyuzivano u nékterych technologickych /
operaci — autofretaz)

« Tahové zbytkoveé pnuti snizuje zivotnost

(pozor napf. na brouseni)




De Havilland Comet (1954)

Tvar soucasti
(Lokalni napéti a deformace)

Prvni dopravni letadlo schopné

létat ve velkych vyskach Viastnosti materidly ot it
Dva letouny ztraceny béhem tri R

meésicu (1286 a 903 vzletu; b\ Ftioue .

Zadni prezivsi) "y | | S

Dlvody: by

« Kombinovany ohyb zpusobil, ze )
napéti na vnitfrnim povrchu byl
vetsi nez na vnéjsim (napéti na |
. . . Y vV P
urovnl 70 /0 meze pevnOStl) forward escape hatch

* Full-scale zkouska byla
reaIiZOVéna na draku, ktery Strsgls3distrignrjttior|1atd.SB.QkPacahmpressure '.O
prosel statickou zkouskou
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Faktor bezpecnosti

Vztah mezi hustotami pravdepodobnosti unavove krivky a
cetnosti zatizeni a vyslednym faktorem bezpecCnosti

L, 1
log L, —log L 09 1003 -
0 —10
up — g 2B g2 50 — - 502 — - L - FKM
\/ S|Og N T S|og n \/ Slog Nt Slog n \/ S ogN T S logn  Table 4.5.1 Safety factors for steel ** (not for GS) and
for ductile wrought aluminum alloys (A> 12,5%).
Hu stoty iD Consequences of failure
v . 1
pravdépodobnosti severe | moderate *
\ A regular no 1,5 1,3
inspections yes+2 1,35 1,2

f‘l Moderate consequences of failure of a less important component

S S in the sense of "non catastrophic” effects of a failure; for example

log n P Iog N becausc of a load redistribution towards other members of a statical
indeterminate system. Reduction by about 15 %.

*2 Regular inspection in the sense of damage monitoring. Reduction
by about 10 %,

v M Zivot

Bezpecny Zivot Posunna - gitadnj Zivot
L bezpecnost k.

I—50



Kumulace poskozeni

Number of cycles at a given load level

A

: _|
Fatigue damage Di—[N

Number of cycles till break Y
at a given load level

v

Linear damage accumulation
Palmgren, Miner 1945
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Poskozeni pod mezi unavy

Co délat v pripadech éetnych kmitu, které jsou

nicméne pod mezi unavy?

o' -N=C

a

Log o,

\ Haibach w,=2w-1

Log N
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Kde hledat materialova data?

www.fatiguecalculator.com

Aluminums Steels http://fatiguecalculator.com
Aluminum 1100 « | Steel 1045, Q&T, BHN =500 - . . .
Aluminum 2014-T6 Steel 1045, Q&T. BHN = 563 NOW http//efa'“quecom
Aluminum 2014-T6, Hand Forged Steel 1045, Q&T, BHN =595
Aluminum 2024-T3 Steel 4130, BHN =259
Aluminum 2024-T4 £ || Steel 4130, Q&T, BHN = 366
Aluminum 5083-0. BHN = 93 =
Aluminum 5083-H12 Steel 4140, Q&T, BHN =475 8
Aluminum 5183-0. Weld metal. BHN =92 ||| Steel 4142, As Quenched, BHN =670
Aluminum 5454, Forged Steel4142, Q&T, BHMN =380
Aluminum 5456-H311 Steel 4142, Q&T, BHN = 400
Aluminum 6061-T6, Forged Steel4142, Q&T, BHMN =450
Aluminum 6061-T6, Sheet Steel 4142, Q&T. BHN = 450
Aluminum 6061-T6, Hand Forged - | Steel 4142, Q&T, BHN =475 -

| Steel 4140, Q& T, BHN = 293
Fatigue Strength | Fatigue Strength | Fatigue Ductility | Fatigue Ductility -
Coefficient Exponent Coefficient Exponent ]‘:]astll.‘: L;;ulus
(sf) in MPa ) (ef) in MPa © i
| 1163 | 0.062 | 236 | 0.765 | 207000
. Cyclic Strain ]
Fatigue Limit Fatigue Tamt Cyclic Str.ength Hardening Ultimate
(SEL) in MPa (NgL) in MPa Coefficient E 3 Strength
. = (X" = (Su) in MPa
(n")
| | | 1084 | 0082 | 848

Other material database: http://www.pragtic.com/vmat.php
Other links: http://www.pragtic.com/links.php



http://fatiguecalculator.com/
http://efatigue.com/
http://www.pragtic.com/vmat.php
http://www.pragtic.com/links.php
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Data sources — material data

MAT? 2T com

Material Properties Database and Estimation Tools

£ Material search results - DETAILED REPORT

GENERAL TNFORMATION

RECORD INFORMATION

Material ID: 90

Contributed by: MATDAT Entry date: htt p ://WWW, m atd at .com

Boller, C., Seeger, T.: Materials data for cyclic loading, Part A, Elsevier, Amsterdam 1987.

Reik, W., Mayr, P., Macherauch, E.: Untersuchungen zum Schwingfestigkeitsverhalten vo

Other reference(s): report, part B, 1979
MATERIAL INFORMATION
DIN W.HNr. (DIN 17007)
Ck 45 1.1191
AIST AFNOR
1042 ; 1045 XCHS5 ; XCI8H1
BS GOST

060447 ; 080MI6

150 Jis

Other material database:
http://www.pragtic.com/vmat.php -> http://www.fadoff.eu

http://barsteelfatigsue.autosteel.org
Other links: http://www.pragtic.com/links.php



http://www.pragtic.com/vmat.php
http://www.fadoff.eu/
http://barsteelfatigue.autosteel.org/
http://www.pragtic.com/links.php
http://www.matdat.com/

DYNAMICKA UNOSNOST A ZIVOTNOST

Information sources - www.fadoff.eu

Login to the system

“"l”” User: unknown u gin | HOE NEWS3: DTMA2011 course, Job on FADOFF, New paper in [TF || |||||||||| |
1 1 2= J
| P| aglic Last changes Change of language anguage | Jamyl © ! ratiaue |
Freeware | [ THELe
P|"'_"j':"':‘1- 11 Database
b A PragTic Freeware Project I
| I_ri'rr...ﬂ"!'ﬂ I Iril‘r ﬂlﬂ I
F@®BG
OFFICE  Fatigue Analysis Documentation OFFice H Iv mT“”“' DB
FCJTLIrTl DEE-
” Flnle DEE-
| b FIIH
4 ! —) it '.':]| '5.{
| |||||||m|
PragTic Materials Libra stigue Exgeri e ¢ FAD
v Office 4
Ii“in’ _IIIIII
FP7
11111
i Lag o e = T RN 3 - W b
[ranggn AFI=121.5%) to understand fimits of current mul it 7 WCFATT 1
kel L aMy30QL database FatLim, which in co 5 Meetin | & |
Forum 8 + presentation of data m a quite interactiv : g | /
e E' I do not know about any such a broad vsis of this problem an s are . FUMA4 _
R,",T",E':;".l TQ' E apparently quite worse than those usually reported in research papers. It seems that the I [‘ri - _."ﬂ I
Lin |<5 8 - activity of researchers is too often impeded by two facts: (1) unavailability of some |::-| ;_-:" CJTT“I
= 'S' r“l‘“ I‘“ = " fatigue solver that would allow fast implementation of new methods and their efficient _‘” 5
1 IFEI I ;l i e { and quick testing (PrazTic solves this problem nicely); (2) unavailability of experimental hC}T N'_'XT
I EEEEETIIIIEEEEE BN I — data for testine of few nronosals _Llllllllllllllllll_
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