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DISENO Y ANALISIS

Planteo de Problemas

Disefio: abarca la creacion de formas y tamafios de un
sistema, con calculos preliminares, para alcanzar los
requerimientos de performance.

Analisis: se refiere a la determinacion del comportamiento
de un sistema existente.

Sistema existente: implica la disponibilidad de la Ingenieria de Detalle.



EVALUACION ANALITICA DE RESISTENCIADE
COMPONENTES EN INGENIERIA MECANICA - FEKM

ASPECTOS GENERALES

* Es aplicable en Ingenieria Mecanica y en campos afines de la industria. Su aplicacion
debe acordarse entre las partes del contrato.

 Plantea un algoritmo, sobre la base de documentos, formulas y tablas. Hay software
con aplicaciones de la guia.

 Permite la evaluacion analitica de resistencias para componentes de tipo:

1D — Barras — Ejes — Vigas 2 D — Cascaras — Discos - Placas 3D - Bloques cl1-62-63

. . . I
. ShE[l-ﬁhdpﬁd (2D) companent (shell “.”h - Block-shaped (3D} component (flange).
Rod-shaped (1D) component {round cutout detail). Local stresses o, at the reference point Local longitudinal stress o; and circumferential stress o
specimen with groove) in bending. Nominal stress 5, W (peak value) and g, , at the neighbouring point B, at the reference point W (peak valucs), stresses @ 4, and
) . - @2 4, At neighboring point B,
and maximum local stress 6, at the reference point W,




e Permite una evaluacion de resistencia considerando tensiones:
a) Nominales - b) Elasticas locales, derivadas por ejemplo, de un analisis por
elementos finitos.

e Las tensiones pueden ser determinadas de acuerdo a principios y técnicas conocidas:
- Analiticas elementales.

- Analiticas con métodos avanzados.

- Métodos numeéricos.

- Mediciones experimentales.

 Permite una evaluacion de resistencia para las siguientes condiciones:
a) Estatica b) Fatiga. La evaluacion de la resistencia estatica es requerida previo a
la evaluacion de la resistencia a la fatiga.

 Aplicable a componentes producidos con o sin mecanizado, o por soldadura.

* VValida para componentes de:
- Acero, fundicion de acero y fundicion de hierro para temperaturas de -40 a 500 °C.
- Aleaciones de aluminio Yy fundiciones de aluminio para temperaturas de -40 a 200 °C.

* Previo a la aplicacion de la guia se debe decidir:
- Que seccion transversal o detalle estructural va a ser evaluado.
- Que carqgas de servicio seran consideradas.



Procedimientos de Calculo

- Evaluacion de la Resistencia Estatica

Organizacion de la Guia
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Ejemplo de aplicacion

Shaft with shoulder

Key words: Shatt with shoulder, milled steel,
assessment of static strength, assessment of fatigoe
limit, fatigue notch factor by caleulation, type of
overloading F2, multiaxial stresses, rotating bending
and torsion. Supplemented: improved calculation of the
fatigue hinut, calculation using a class of utilization,

Given:

Stresses: constant amplitude loading in bending and
torsion, where the nominal stresses are, Figure 6.1.1,

S, = +S, 4 = £150 MPa,
T[ - TI'I‘-I..T :L_T.EI-_I = 5{:' MP-':I + 100 MPa.

Matericl: 41 Cr 4 after DIN EN 10 083.

Dimensions.
D=30mm, d=42 mm, r =3 mm,t=4mmn,
d/D =084 r/d=0119, r/t =125

Surface: average roughness R, = 10 pm.

Type of overloading: When overloaded in service the
stress ratios remain constant {Type of overloading F2),

Safery requirement.; according to the statements "with
moderate consequences of fallure; regular inspections”.
Task: Assessment of the component static strength and
of the component fatigue linut,

Method of calculation: Rod-shaped (1D} component,
Assessment with nominal stresses, Chapter 1 and 2.




ASSESSMENT

OF THE COMPONENT STATIC STRENGTH

I CHARACTERISTIC STRESSES

td

Sp = iSil.h = %50 MPa,
T, = Tys & Tax = 50 MPa 100 MPa,

Characteristic
service sbresses

Maximum stresses

max,ex,.b + 9

T = T

max,ex,t m,f

b = 150 MPa,
+ T, = 150 MPa.
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2 MATERIAL PROPERTIES

Tensile strength and yield strength for the standard
dimension

Ry n = 1000 MPa, R, N = 800 MPa. Tab. 5.1.4

service siresses
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Table 5.1.4  Mechanical properties in MPa for quenched and tempered steels 1 the quenched and tempered
condition. after DIN EN 10 083-1 (1996-10-00y = 1.

Notes * 1% * gee next page.

Type of Type of Material R
ll]i‘llﬂl’iﬂl, ll]EHl.'.-"I'iHI. HD. B Re“u W CF etz O s T T B ﬂd.p
after DIN EN alter #2 - 3 +3 3 3 o3 P Y
1 027-1 DEN |7 2001
41Cr4 41 Cr4 17435 fooa | 800 Iiﬁ{] 360 480 260 283 030 1,44 I
+1Crs4 H1CrS 4 7039

£.2.4

d, 1
de (N derl' dﬂ
Rm,N %
pt} -
9;: 5% 4
br [~ 9?6 Rm .Z
*» _a- Rm
Values
according R p.2
to standards R
Component P
valges T
T.h o i
d d
0 eff N (lg) dcff deff.max

& 1 Effective diameter dofp ~ = 40 mam for 3¢ CrNiMo 8 and 36 NiCrMo 16, dyfpn = 16 mem for all other types of material listed,

(1.2.1

Ry =Kam Ka ‘Rm.}h

Rp = Kd.p i K\J’! ) .N k]
Kan. Kap  technolegical size factors, Chapter 1.2.2,
Ka anisotropy factor, Chapter 1.2.3,
Ron, Ryn values of the semi-finished product or

of a test piece defined by standards,
K B 1- ﬂ,?ﬁgﬁﬁ.j,m -lg daﬂ' KT,Smm)
&M 120, 7686 ag ol | 1g(degr m V7, StAm)




1-0,7686-a4 4y - 1g(d o |/ 7. Stmm)
1-0,7686-a4 m - 18(Aegr Nm / 7, 5mim)

K-d,m =

Case 1

Components (also forgings) made of heat treatable steel,
of case hardening steel, of nitriding steel, both nitnded
or quenched and tempered, of heat treatable cast steel,
of GGG, GT or GG.

Table 1.2.3 Effective diameter dgy

No. Cross section defr der
Case1 | Casel
i d d

Case 2

Components  {also  forgings) made of non-alloyed

structural steel, of fine grained structural steel, of

normalized quenched and tempered steel, of cast steel,
or of aluminum materials.

2 MATERIAL PROPERTIES
Tensile strength and yield strength for the standard
dimension

Ry N = 1000 MPa, R, N = 800 MPa.
Technological size factor

A m 0,30, dgp = 0,44 ,
degen = 16 mm,
depr = d = 42 mm,

4 = b= 2b-s 5
-\‘}\\Q s b+s
5 777 b b
b Iy
e

T

Kgm = 0,895, Ky, = 0,841 .
Anisotropy factor
Ka = I.
Tensile strength and yield strength of the component

R, = 0,895 | - 1000 MPa = 895 MPa, |(1.2.1)
R, = 0,841 ° 1 - 800 MPa = 672 MPa .

i

|

r

Nota: La resistencia se corrige también por
tipo de solicitacion, compresion o corte, y
temperatura.




3 DESIGN PARAMETERS

The nominal values of the component static strength of
rod-shaped (1D) components for axial (tension or
compression), for bending, for shear, and for torsional
stress are *1 *2 43

(1.4.1)

Referencia

Compression strength factor f, and shear
strength factor f;

Characteristic Sequential
service stresses procedure of {:D
cialoulation
Mlaterial
prisperties @
Design
parameicrs @
_‘_,’-"
o o ant
static strengeth @:]
Sufery
Taetors @
Assessment @

Kinds of material fa Ty £,
for for o
tension | compress.

Case harden’g steel 1 1 0,577
Stainless steel | 1 0,577
Forging steel 1 1 0,577

Other kinds of steel 1 1 0,577

GS 1 ] 0,577

GGG 1 1.3 0,65

Aluminum atloys I i 0,577
+1 0,577 =1 /4/3 | accerding to v. Mises crilerion,

Kexza= L

KSH..E:I =] fl!p]'h .

Kgrs= 1,
Kgki=1/npy .

ﬁpfib

section factor *1 |

The design factors of rod-shaped (1D) non-welded
components for axial (tension or compression), for
bending, for shear, and for torsional stress arc

(131



Section factors

The section factors ny) y, and ng allow for the influence
of the stress gradient in bending and/or torsion in
connection with the shape of the cross section on the
static strength of compenents, Figure 1.3.1. They serve
to make best use of the load carryving capacity of a
component by accepting some yielding as the outside
fiber stress exceeds the vield strength.

Bending moment My, yield strength Rpf static component sirenglh

for bending Sgy( b . section factornng] § = SSK b/ Ry,

For other types of stecl, GS and GGG ** the section
factors for temsion or compression, for bending, for
shear, and for torsion are *° 0

Dplzd = 1,
Dplbh = MIN (JRp,mnx / Rp , Kp,h ). >
Nys = 1
Npte = MIN (yRpmas / Ry < Koo,
Ry max constant, Table 1.3 1, \

Ry vield strength, Chapter 1.2,
Kpn, Kpi plastic notch factors, Table 1.3.2,

*

= SR
%_w Ryo _(..llpl.h )
] L
My, ?ff‘ My,
Ly ==
Sy
[

Definition of the section factor ngy, for
bending of a notched bar, for instance.

Bending moment Mp, yield strength Rp, static component sirength
for bending 35K.h - section fictor nplh = S5K,b 7 Rp‘

Light straight line: fictitious disteibwtion of the siress calculated
elastically. Solid angular line: real stress distribution when providing
clastic ideal-plastic material behavior,

Table 1.3.1 Constant Ry gy ™.

Kind of material § Steel, GS | GGG Aluminum
:  alloys.
R, max/ MPa 1050 320 1 250
Table 1.3.2 Plastic notch factors Ky and Ky -
Cross-section Bending Torsion
Kpﬁb Kp.t
rectangle 1 1.5 .
circle 1,70 +2 1,33 3
circular ring 1,27 *4 s
[-section or box el -




Para el ejemplo los pardmetros de disefio son:

Sgkzd = fo R/ Kgr zd -

Teks = i R/ Keis
Tor = I R/ Kok -

Torsibon ——»

4 COMPONENT STATIC STRENGTH

Component static strength for bending and torsion

Component static strength for bending resulting from
the tensie strength and the design factor:

fo = 1, T

1.895MP;
Sek 1y = L = 1119 (895) MPa

0.800(1)

Component static strength for torsion resulting from the
shear strength factor £, the tensile strength and the
destgn factor:

f, = 0,58,

0,38 1893MP;
Teg, = ST~ 646 (819) MPa. |
0.800 (1)

55[-:,1; =fs R/ KSI{,h ) Flexion

Design factor
i
—_— K = = 0,800 (1,000).
Kb 050 (
i
K = e—— = (LMY (1,000).
ST 250 1) (
{haracteristic Sequential
service stresses procedure of {D
caleulation
Muterial
Prigperties @
l-lf.sigu
parameicrs @
o prasmne and
static strength ED
.ﬁ-]'l.[l.‘lj-'
fagtors G'j
T e
Aszessmgn! @




SAFETY FACTORS

Safety factors j, and j, for steel
(not for GS) and for ductile wrought aluminum atloys
{As 2 12,5 %)

e 1 Consequences of failure
ip 72 severe moderate
.jmt = 4
i
high 2.0 1,75
1,5 1,3
Probability of 1,5 1,3
occurrence of 1,0 1,0
he ch isti
values e 1,35 1,2
1,35 12
1.0 1,0

+1 referring to the tensile strength Ry or to the strength at elevated
temperature BT .

+2 referring to the yield strength Rp or to the hot yield strength Ry, 1,
+3 referring to the creep strengih Rin Tt »

+4 referning to the ereep limit Ry, Ty .

+5 modeérate consequences of failure of 2 less important component in
the sense of "no catastrophic effects" being associated with a failure; for

example because of a load redistnbution towards other members of a
statically undeterminate system. Reduction by approximately 15 %,

+6 or only infrequent eccurrences of the characteristic service stress
values, for example stresses due to an application of proof leads or dus to
foads during an assembling operation, Reduction by approximately 10 %4

Characterisiic

Sequential
procedure of D

Assessmen|

service sirpsses
culoulation
Material
pripertics @
Design
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Caaim v and
stalic strengeth @
Sufery J
Faetors




Total safety factor

Jges 18 to be derived *4

From the individual safety factors the total salety factor

I e safety factors, Table 1.5.1 and 1.5.2,
Kim .. temperatare factors, Chapter 1.2.3 3,

SAFETY FACTORS

In general there 1s

_imz‘z&D; Jp: I,S.

For normal temperature there is
Krm = KT,]J =1,

and in Eq. (1.5.4) the terms 3 and 4 have no relevance:

R, = 085 MPa,
R, = 895 MPa,




ASSESSMENT E rocetare

calealation

. . Muterial
Degree of utilization properte

E—— B ——

6 ASSESSMENT

Maximum stresses for bending and for torsion, see
above,

Component static strength for bending and for torsion,
see above,

Degrees of utilization

Individual types of stress. bending and torsion

(0,294) . (1.6.1)

0,506).




Combined types of seress
Fa : a o - : . Arecs L
-shs 1D welded ¢ ents ["hf: appllnd streagth h}*]mth;.m_.‘: f!::rl‘ combined types 'L'r:|: i;ll'f.b:‘i is a
Rod-shaped (1D) non-welded compon combination of the normal stress critenion (WH) and the v, Mises oniterion

(GHY. Bepending on the ductility of the material the combination s

controlled by a parameler g as a function of 1) according 1o Eq. (1.6.7)
where *8 and Table 1.6.1. For steel i8 g = 0 so that only the v, Mises crilerion 13 of
effect, For GGG s q = 0,264 so that both the normal stress criterion and

ANH =%{|51 +1,ng det? ] i the v. Mises cnterion are of partial influence.

Hz 2
agy =¥s -+t

askse=q anu +{l-qagn = L

$ = agkzd T ASKb - Grado Ejemplo
t =gk + a3k - utilizacion | 1
o Combined types of stress

Agi zd, - degree of utilization, Eq. (1.6.1).

| f, = 1/3,
and q=0,

s = agrp = 0,235 (0,294),
. W3-y " t=aggs = 0,406 (0,506),
J"_ - ' B N 5 - >
-1 agy = y0,235(0.294) + 0406 (0,506)

, < | = (0,469 (0,585)
f, hear st h factor, Table 1.2.3. :
SNEeAr S rengT 1 ek 50 = E], 9 (0,535).



Ejemplo - Sintesis

{haracteristic

Sy = £S,1 = £150 MPa,
Ty = Ty £Taq = 50 MPa £ 100 MP:

..__T____‘_-L
E__ D R\_r d - j{.MbD @

Maximum stresses

Smax.cx,h

T T

max,ex,t Tt

=+ Sﬂ.h

= 150 MPa,

+T,, = 150 MPa,

dimension

Tensile strength and yield strength for the standard

RN = 1000 MPa, R, n = 800 MPa.
R, = 0,895 11000 MPa = 895 MPa,
Ry, = 0,841 * 1 800 MPa = 672 MPa .

1

Ksib = = 0,800 (1,000).

Sequential
service sirpsses prcedure of
R calqulation
Miterial =
pruperties @'
" Design
paramelers 3
T Componet
static strength @ —
Sufety
 [uctors B~
HHH-‘_H-H_‘::- ll_l-_'-.-._._._"_._.—"_
Assexsment B —r

1.250 (1}
= 0,800 (1,000).
Ksi L3500 » ( )
[-895NiPa
Ssiy = ————— = 1119 (895) MPa.
08001
(38 -895MPa
T e = 646 (519) MPa.
SKA 0800 (1) (319) MPa
.jgcﬂ i 1575-

4k gy = 0,469 (0,585).

N

The degree of wutilization of the compoenent statie
strength is 47 % (or without section factor 59 %).
The assessment of the static strength is achieved.




- Evaluacion de la Resistencia a la Fatiga.

Organizacion de la Guia

/-r“""__‘_‘-*a.‘__\\

//

( Static strength

Chapter £: ™

Nominal stresses
e

Static
strength
assessment
|
!

L

P —h_‘_h“'u.k

-

“ Chapter 3:
{ Static strenyth
. Lucal stresses

General

"~

|__Nominal
stresses

Fatipue strength
M stresses

Fatigue
strength
assessment

\;w Local __(

Stresses

T
Chapter 4:
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According to this chapter the paramcters of the service
stress spectra are to be determined. Spectra arc

applicable for N > 10" cycles approximately.

Relevant arc the stress spectra of the individual stress
compenents. They are specified by a number of steps,

i= 1 to j, giving the amplitudes S;,4;, ...

and the

related mean values Sy q4; . ... of stress cycles, Figure
2.1.1, as well as the related numbers of cycles my

according to the required fatigue life *1,

Characteristie Sequential
| SEEVICE SIFpsses procedure of (1)
- caleulation |
Material
PFrepaerines @I}
Design i
pilrameters @
L .
: Contponent fatigue Hmit !
! for zero mean stress | @
] I !
I' Comporent fatigue Hmid Component I
I{__Tor the actiual mean siress Tatigue &
1' T strength r
H Compuonent variable i
H . s . i .@
L Amplitede fatigue strengtls I
___________ e L] l
Salfery
fnctors @
Assessmaent é

[xample:

stress cycle (axial stress),
siress ratio!

Sim,zd,i = Sa,zd.i
Sm,zd,i +5a,zd i

I{;::d,i =




Distribuciéon binomial

Distribucion exponencial

1 i
1,0 - 2 3—y4 . 1 1.0 12 3
] % , — 1
_Sn.zd.[ 1 6 7 Ss d.i % 4 5 /
Sx zd,1 e 2,24, | o 6 7 p
iyl o Sa,zrl,l . — 8
; vag =1 ] 1 2/3
0!5 1 0,739 {} 5 4
: 0,499 : Vag =1 <
0,326 | 0,713 173
0,430
0 . — 0 - 0,196 |
109 10! 102 10® 10t 10° 10° Slandélrd Stress SpeC[l‘E}. 0 " T T T T 10
I 0 100 102 103 104 105 106
i (g
! H; (g)
Step i Sai/ Sa hi H; :
b 0 2 l”3 23 " : Step i Saif Sa hi H;
L1 1 - - - p 0 13 | 213
2 0,950 |0.967 |0.983 16 18 S R 1 2 2
3 10.850 |0.900 |0.950 280 298 2 #0875 10917 10,958 10 12
4 [0.725 [0817 [0.908 | 2720] 3018 310750 10,833 10.917 64 76
5 10575 |0.717 |0.858 | 20000] 23000 430,625 10,750 | 0,875 340 416
6 10.425 [0,617 [0,808 | 92000 115000 5 §0.500 10,667 |0,833 2000| 2400
70275 [0.517 [0.758 | 280000] 395000 6 10375 10,583 10,792 | 11000} 13400
8 J0.125 0417 |0.708 | 604982 1000000 710,250 10,500 10,750 | 61600] 75000
8 [0.125 [0.417 |0.708 | 924984 | 1000000
g
sa,l \\ - v S" 2d i
a0 i
5 q’?’% !‘
[ - 5 .0
o v U\ N, (1g) AN The damage potential is defined by ** *°
® V- Sa i ?'_'09 1’13{. O\?
: () <, ‘
: %
4;% %c’ ir S\J{ zdi I } h SR Zd,i kn
\ (3 % A i 11 P = LI
Stress spectrum i l SAK.zcl.il kf;. T ——— ""?d ke, E-__nﬁ.. . S
W H
1=1 a,zd |
o
J - 5] T = ﬂ'
i N'[La . N]J',l.?"'j(-)I [\13,0.]] =10
alfa Lildwl N ]
244 N {1g} fo g}




Sp = isa.h =
Ti=Tay * T, = 50 MPa

150 MPa,

t)

+ 100 MPa.

For non-welded components the values according to
standards of the material fatigue strength for completely
reversed normal stress and shear stress *3 and for a
number of cycles N> Np o = Np, = 10° arc **

— ;
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| SEEVICE SIFpsses procedure of
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Design
pHramelers @
......... e e —— ey
Component fatigue limit H
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procedure of @
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@
Compnnent
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Componert variable }
amplilude fatigue strength I ®
______ = I l
Safty
4 Metes 1®
Assessment (é

Owzd = Iwe Rm, -«
TW,s ™ fW,‘c T Owzds
Fatigue strength factors for completely
reversed normal stress, fyy o , and shear stress, fyy ; 1.
Kind of material fw.a f
Case hardening steel 0.40*2 | 0,577 +2+3 Ejemplo
Stainless steel 0,40 +4 0,577
Forging steel 0,40 =4 ()‘_?7? Rm = 895 Mpa ,
Steel other than these 0.45 0,577 £ — 0.45
GS 0.34 0,577 W,o — Y,%J,
GGG 0,34 0.05__1ow g = 0,45 * 895 MPa = 403 Mpj4
GT 0,30 0,75 £ = 0.58
GG 0.30 0.85 W -
Wrought aluminum alloys | 0,30 %5 0.577 TW.,s = 0,58 * 403 MPa = 233 Mpd
Cast aluminum alloys 0,30 *5 0,75




SWK.zd = Ow.zd/ Kwk zd »
Swih = Owzd/ Kwks *2.
T“"K,S — T'W'_.S’/ K‘“"K,S . G\\-"’_‘z_d = f\l\r',(g an .

. &y e . :
Design parameters i Mg v ey

Kwi,q...  design factor, ¢
2.3.1.1 Non-welded components '

Rod-shaped (1D) and shell-shaped (2D) non-welded

components are to be distinguished.
The design factors of rod-shaped (1D) non-welded I Characteristie Sequential
components for axial, for bending, for shear and for e proccereer P
torsional stresses are "' (2.3.1) Material |
properties [\?‘
I 1 - i
K\VK 4= K ‘ + 3 } ‘ Design
. fizd : — hers
K R.o K W K g - K NL.E // — {-]3
B e Y ... e ——— -
P ! Component fatipue limit 4
] 1 i for 2ere mcan stress i @
Kwgp= Kip + 1| Ko Ke K : :| C ; i Component I
: . . S tmporent ntigue il Lmponoen
R.o \ S INNLE i, for the pctiual mean stress Tatigue ?
| I strengith
) | 1 H Companent variable i
I\WK,S — [Kf,s e —11 - < = . 1 amplitede fatigoe strengtly ! ‘iij
R.x y. R S i
Safery
\ Tacters @
K\N}\'J = [K £ A — =] | — Assessime il
KRt Ky Ky

Factores

Kwk: disefnio - K;: fatiga muesca Kg: rugosidad K, Tratamiento superficial Kg: coatings
KyL: Comportamiento no lineal (GG)

Kf. fatiga muesca —, a desarrollar



Ksp

Kfza =

Kl,zd
Rg{T)
Kb

:ng(r)-nn(d)

Fatigue notch factors computed from stress
concentration factors

Kisd...  stress concentration factor according to type o E
of stress, e 1

n (1) KK ratio of the component for normal —
stress or for shear stress as a function of 1,

ng(d), .. K-K;ratio of the component for normal
stress or for shear stress as a function of d, :

r notch radius at the reference point, '

d diameter or width of the net notch section.

Related stress gradients ﬁg{r) andaT 9]
for simple structural details *1.
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Figure 5.2.5 Siress concentration factors for round bars
with shoulder fillet in bending, r> 0o d /13 =1

(5.27)

Related stress gradients

The rclated stress gradients as a function of the nolch
radius r at the reference point, G4 (r) and G (1), are to be

determined from Table 2.3.3.

The

related  stress

gradients from bending and torsion as a function of the
diameter or width d at the notch net section arc

Gg(d) =Go(d)=2/d .

(2.3.17)

.l

2/dg=
0,267

{
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Figure 2.3.1 K,-K; ratios ng for normal stress.




DESIGN PARAMETERS

i
Kk zd Z[Kf.zd + -] i
Kpe Ky Kg Knig

]
Kqu.h“[*(r,h - —1] :

Ky -Kg Ky |

—1i- l
Kz Ky Ky '

KWK,(“[KL!‘*‘ -1 — : :
K Ky Ky

owzd = fwe Rpy,
Tw,s = fwe-

Cw2d

Component fatigue limit for

|

SwKzd = Ow.zd/ Kwi zd .

Swib= owzd/ Kwip
Twis ™ twe/ Kwrs -
Twis™ Tws/ Kwka

OW zd, TW s

2.2.1,
Kwgzd -

material or weld specific fatiguc Limit for
completely reversed stress.,

design factor, Chapter 2.3, 1.

Ejemplo

completely reversed stress

(2.4.1)

*2.

Y reversed

bending and torsional stress

Component fatigue fimit _foArcm}le/

Swr.p = 403 MPa / 1,541 = 261 MPa

Twi = 233 MPa / 1,224 = 190 MPz .

Atencion:

! Kwiko = 1,374 + 1/0,857 — 1 = 1,541
Kwge = 1,134 + 1/0,917 - 1 = 1,224
Characteristic Ei-cqurnlill
service sirpsses procedure of (1)
- ealeulation |
Wl terizad
g propertics @
! |
/ - Design I
parameters @
i
————_—
i Component fatigue limit !
1 |
i For zere mcan stress | @
1 Cwnponent Intigue il Lompoocar I
IL_Tor the actual mean stress Tatigue &
1, T strength f
H Component variable [
il amplilude fafigue strengih I ®
___________ =) l
Safery
feters @
_\_‘-‘_‘—i—-_-_‘_-_-_‘_\_ _"_._._._._-—I—._._._._
Assessmend

MATERIAL PROPERTIES

Ry N = 1000 MPa, R, n = 800 MPa.




Component fatigue limit according to

mean stress

Rod-shaped (1D) components

The mean stress dependent amplitudes of the component
fatigue Hmit of rod-shaped (1D) components for axial,

for bending. for shear and for torsionai

Stress arce

Sakb = Kaxp Keo Swie.
Taks = Kaks Kpz Twgs -
Tak:e = Kaky  Kgo Twi -

SAK,zd = Kr\ﬁ.zd ' K{i.(r : SWK_..?.d ’

- T ——
Characteristie
SErViCEe slresses

Recordar
OWzd = fW,U Ry,
Tws ™ fW,t T Owozds

Karzd... mean stress factor,
| A — residual stress factor, (

Swk.zd ... component fatigue limit for completely

reversed stress,

Residual stress factor

SWK zd
Swib=
Twis™

Twrr = tws/ Kwkt»

= ow.zd ! Kwitzd -
ow.zd/ Kwiih
Tw.s/ Kwis -

*2‘

Sequentil
procedure of (1)
- caleulation |
Material
Properties @
Design ‘
pirameters @
I -l .
! Component fatipue limit !
J for zeve mesn stress i @
| Companent Etigue limil Lomponent I
! Tor the actuad mean stress fatigue @
trength [
H Companent variable I
il Amplitude fatigue strengtlhy I ®
e e ) I
Salety
Metors @
Asgessmen| é

The residual stress factor for non-welded components is

KE,G = Kg‘t =], ‘

Type of overloading

The mean stress factor Kax ,q. ...
type of overloading, F1 to F4. It distinguishes the way

- Type Fl:

the mean stress Sy, ,4 remains the same.

- Type F2:

the stress ratio R,4 remains the same,

- Type F3;

the minimum stress Syy,;;, ,4 remains the same,

- Type F4:

the maximum stress Sy, g remains the same. )

is dependent on the

I

Stress cycle
Example:

stress cycle (axial stress),
stress ratio:

Sim,zd,i —Sa,zd,i
Ry j = s

Sm,zd,i +8a,zd,i ‘

Syay

Sm,zd.i




Sensibilidad a la \
tension media

bidl

i, el

Sakzd = Kakzd Keo Swiod.
Sarb = Kakb  Keo Swin.
Taks = Kaks  Kgo Twis .
Taks = Kak Keo Twis.

Amplitude of the component fatigue
strength as a function of mean stress or stress ratio
(Haigh diagram), described in four ficlds of mean stress

Example: Normal stress, types of overloading F1 and F2.

Given: Component fatigue strength for completely reversed
stress SWEK zd » service stress amplitude S5 74 .
stress ratio Ry,

Derived:  Amplitudes of the component fatigue limit SAK 74
for the types of overloading F1 and F2.




Calealation for the type of overloading F2 * *
In case of a possible overload in service the stress ratio
R,q reinains the same.
Normal stress:
Field I Ryg> 1
Kakzd=1/(1-Mg).

Ficid 11, ~ 0 € Rg< 0 *:

1
1+Mo’ ‘Sm,zd }Sa,zd

KAK_,ZC[ I

Field HI, 0< Ry < 0,3:

Field IV, R,42 0.5:
3+ Mg
3.1+ M, )?

Kakzd=

Mean stress sensitivity

The mean stress sensitivity Mg or M, .
with the mean stress factor, describes to what extent the
mean stress affects the amplitude of the component
fatigue strength,

In connection

For non-welded components the mean stress sensitivity
for normatl stress and for shear stress, apphicable 1n case
of normal or ¢levated temperature, is

Mg =ay - 10- 3. R,/ MPa + bm,

M'E = fW_: '

M.

ang, by constants,
fw shear fatigue strength factor, Table 2.2, 1.

Constants aps and by .

Kind of Steel ! | GS | GGG | GT | GG
material
am 0.35 0351035 0351 O
by -01 0051 008 { 0,13 0,5
1
Kind of Wrought {Cast
material aluminum alloys | aluminum alloys
Ang 1,0 1,0
by - 0,04 0,2




Equivalent mean stress

In the case "bending and torsion”, which is typical [or
ngmerous  applications in machine design, and in
similar cases, where normal stresses are combined with
shear stresses, the variables Syinzdyv « Smaxzdy and
Ryav arc to be used. They are derived from an
cquivalent mean stress S, . to be compuicd as a
function of the respective individual mean stress values,
For normal stress there is

Sf'nin,?_d,v = Sm,\' i Sﬂ,?_d ;
Sma.\:,zd,v = va + Sa,zd :
de,v = Smin.zd,vf Smn&zd,v ;

Sazd individual stress amplitude,
Ry copiivalent stress ratio,
Sminzdy cquivalent mintmum stress.

Smaxezdy  €quivalent maximum stress,

For bending, shear and torsion the appropriate variables

arc Smim Bov s -oea Rb,v - rmin,s__\.’ s oeees R-s,v or Tmin,l,v CEREEE
RL ¥
Fatigue strength factors for completely
reversed normal stress, fw - . and shear stress, L ¢ +1,
Kind of material fw o B«
Case hardening steel 0.40%2 | 0,577 <343
Stainless steel 0,40 4 0,577
Forging steel 0,40 4 0,577
Steel other than these 0.45 0,577
GS 0.34 0.377
GGG 0.34 0.65
GT 0,30 0.75
GG 0,30 0,85
Wrought aluminum alloys 0,30+ 0,577
Cast aluminum alloys 0,30 <3 0.75
1 I 11, 1ol £ 'S £ i 'S4 108

The equivalent mean stress, for normal

SIress s
Sy 4" Sm.u,NI-i +(l-q)- SIIL\-‘_(}I-L
where

_B-ir)
vi-t

1 a2 . 2
Sm.v.NI-E :E i Usrnj + Sm +4 'Tm ] :
2 b
Sm,v,G[-i - V Sm +3 'Tm '

Values of q as dependent on fiy . <L

Steel, GGG GT. GG
wrouglit - cast '
Alailoys | Al alloys
fus 0,577 1065 0.75 1085
q 0 i 0,264 0,544 (0.759

+] Exceptions: For non-ductile wrought aluminum alloys (elongation
A <125 %) q = 0.5 for surface hardened or welded components

g=1i.

For shear stress there is
Tm\r = fw*r : Sm'\,’ -

fw.  shear strength factor,



Sp = 8,1 = =150 MPa,
TI —_ T

m.d + Ta.l = SO Mpa + 100 Mpa.

»
>

Sm.v

= Spv.GH = VY3 50 MPa = 86,6 MPa ,

T = 0,577 86,6 MPa = 50 MPa

Calcutation for the type of overloading F2.
Mean stress factor for bending

Smin,b.v = §6,6 MPa- 150 MPa =—- 63,4 MPa,
Smax,bv = 86,6 MPa + 150 MPa = 236 MPa ,

Ry =~ 0,267,
Because of — oo < ~0,267 = 0 ficld 1T applies:

Mean stress factor for torsion

T — 50 MPa- 100 MPa = 50 MPa ,
Traxaw = 50 MPa + 100 MPa = 150 MPa ,
Ry = 0,333,

min, i,y

Because of ~1 < ~0,333 < 0 field Il applies:

Mgy = (213,
| M. = 0,123,
Kagp = — = 0,890 . 1
1+0,213-86,6/150 KAk = T 53507100 — 904
Hz S SA]\'.Z’,(I R, U
N /ih R o= f]l‘ tIII' Restdual stress tactor for normal stress and for shear
N z2d Nl e stress
}_e > 'i.-\__\ rd o
—{K;d_gi“'" e (M =M R o= Keo = Keo = 1.
b/ S T -~ [ zd i
o~ -M_HE&'Z ai < K onst. it Amplitude of the component fatigue Hmit
S ~@.. Oskzarl a3t : . -
A . - TA - _1.,-"'8,“{ ke R =05 The amplitude of the component fatigue limit results
\ /‘:;;&—L’_/ e wd” from the mean stress factor, the residual stress factor
/,.//./ {Mﬂ_iiiv/:i}" (M, =0) and t‘he component fuligue hmit for completely reversed
\ . - f'i-‘.\-’\'-* bending and torsional stress:
w244 s 1 -
| “ /j;/gsa.zd T _________________ Sakp = 0,890 " 1 -261 MPa = 233 MPa,

Taks = 0,942 1190 MPa = 179 MPa .




Component variable amplitude fatigue
strength

Rod-shaped (1D) components

" SAKzd -
Sfﬁ{,h ,
T.-*—tﬂ,!; .
ARCL -

. variable amplitude fatigue strength factor,
Chapter 2431,
Sawx ... component fatigue limit,

Choracteristie gﬁmlili
ServiCe sIresses procedure of @
caleulating
Wlaterial
properics .
Et.iign ‘
pavrimetery @
¥ R Doww— "E::h"'"" ____ a3
! Component fatigue limit !
l| Tor zero mean stress ! @
It . ' '
1 Cwnponent Bntigue limid Component
I Tor the actuul mean stress latigue @'
- —t Irength
Component variable i
Amplitude Tatigue strength | ®
I — -
Salety
[nciers ED
"—‘-.._,‘_____-_-_--__ _._._-_-_______._-:==
Assessmenl @




In German the fatigue life curve is usually termed “Gassner curve” and
the constant ampiitude 8-N curve 1s usually termed “Woehler curve’,

N, N

E ]
Component fatigae tite curve

N Component S-N curve

damage sum m

Component constant amplitude S-N curve,
component fatiguc life curve derived by the consistent
version of Miner’s rule, and influence of the critical

<\

n

D=y~ 11
Zl:lN

3 Critical damage sum Dy, recommended

value.
nen-welded welded
components COIponents
Steel, GS. 03 0,5
Aluminun alloys
GGG, GT, GG Lo 1,0

(M =0)

Figure 2.4.3 Resincuon of the amplitudes of the
variable amplitude fatigue strength, Spey . or of the

maximum value $, + Sge and the minimum value
S — Spx respectively, in relation to the vield strength,

displayed in terins ol the Haigh-diagram.




Caleulation for a variable amplitude spectrum

Elementary version of Miner’s rule based on the
damage potential

Using the elementary version of Miner’s rule, Figure
2.4.4, the variable amplitude fatigue strength factor is to
be computed directly as follows *°. The calculation
applies to both component constant amplitude S-N curve

model T and model I
! 1

Ko Npgs ik
-1{-Dyy +1 | —= °
\b N

1
K e = —_— e
Biad (v - )}m

where the damage potential is *6 *7

Stress spectrum .

Characteristie

SEEVICE Alresses
Material
properties

Design

parameters

Tor the actial mean stress

. ﬁ—.—'_—-———_- strengih

Component variable
amplitude fatigue stremgth

Sequential
procedure of
caleulation

Component
Tatigue

Asse

ssimenl

———d

SpK.zd = KBKzd| SAK.zd -

Sprh TRBER Sakek.

Tors T KBR: Taks.

Ty = Kpre Taxe.

i Number of cycles at the knee point, slope
of the component constant amplitude S-N curves, and

values of fi, and fi..

Normal stress

=i

I

N (g}

Elementary version of Miner’s rule, com-
ponent constant amplitude S-N curve model I, Dy = 1

Component Npo  (Npan ke {kpe |[fna
Stcel and cast iron materials { S-N curve model 1)
non-welded 10° - s |- o
welded 5-10° |- 3 |- 1o
Aluminum alloys ( S-N curve modell 11 )
non-welded 10° 10° [3 15 074
welded 5:10% §- 30 |- Lo




S, = +S, 1 = £150 MPa,
Tt — Tl'l'l.t + TEl.t - 50 Mpa = IOO Mpa,

Characteristie Sequential
serviee sirpsses procedure of
caleulating
Mlaterial
Properiies
E:&ign
parametersy
=
Component Tatigue limit !
for zero mean stress I
i

|
: : { Component
| or the getival mean stress fatigue
Slrengih

B et S ———

Safery

Fretmrs

"""---..._____:=__._____________...=ﬂ=

Assessment

@




Sﬂfety factﬂrs Characteristie H.cqur:nlial
SEOVICE SIrpsses procedure of (1)
Steel caleulation
Material
The basic safety factor concerming the fatigue strength pripertics @
is
Dresign
ip= 1.5 pirameters @
3,
| — e .
This value may be reduced under favorable con :’ Component fatigue limit ,' @
that 1s depending on the possibilities of inspection and | fur zerv il Slress I
on the consequences of fﬂi]l.ll"&, Table 2.5.1. |:| Cumponent Tatigue limid Compnoens J
I for the actisa) mean stress Tatizue @
| T sirength ’
" 1 v . .
Safety factors for steel ™ (not for GS) and | Component variable ! ®
for ductile wmuévht aluminum alloys (A2 12,5%). ﬂ__“_m_.pfl_'_"_"_“_rf“ﬂh“f_*"_rt"!.:ﬂr : I
g , m [ -
in Consequences of failure Safety &
[ severe | moderate ! — A___________,.:EE“'“
regular 1.5 1,3 . '
. 0 AR EENITIY
mspeclions 1,35 12 o
Ejemplo For moderate consequence of failure and regular
inspection, however, there is
T “]'[) = 1,2 .
S M, For normal temperature there 1s
KT,D =1, |

and therefore

.igcs = L2, {




Rod-shaped (1) components

The degrees of utilization of rod-shaped (1D)
components for variable amplitude types of stress like
axial, bending, shear and torsional stress are

YT (2.6.3)
SHK,EG ' |
_ Sip <]
SB}'C,h ’{. :
Lo 51
THK,S ‘f |
TE!.LI 1

Sazdi. ... characteristic stress amplitude (largest stress
amplitude m the spectrum} according to
type of stress, Chapter 2.1, 11 and
Eq. (2.6.1) or (2.6.2},

Spi.zd . ... related amplitude of the component
variable amplitude fatiguc strength,
Chapler 2.4.3,

. total safety factor, Chapter 2.5.5.

Characteristie

Stqmllli

SECVICE SIrpsses procedure af
caleulativg
Wlaterial
properiics
Euign
P metery
P
Component fatigue limit |
for zert mean stress I
|
Component Entigue limit Componeat
|| Tor the actual mean stress fatigue
— Strength
Compaonent variable |
;_ Amplitwde fatigue strength !

®
¢
.é;
’
;
!




Combined types of stress

The degree of utilization of

rod-shaped

components for combined types of stress is *°

where
| ~
ANE :—*(Isa|+ Js2 +4~t§],
2
2.2
dgH =S, Bl

Sa ™ ARK.zd T 2BK.b
e ™ ApKs ™ ABK -

App .d . degrees of utilization

V3 fw)
-1

fw  shecar fatigue strength factor,

Values of q as dependent on fiy, +'.

Steel, GGG GT. GG
wrought - cast .'
____________________ Alalloys | | Alalloys |
£ s 0577 1063 0,75 085
q 0 (0264 0344 0759

q =1

<] Exceptions: Tor nen-ductile wrought aluminum alloys {elengation
A< 128 %) q = 0.5 . for surface hardened or welded components

P ————
B d weete My 1M {

Sy = +S, » = £150 MPa,
Ti = T['I'l.l :L- Til.l = 50 MPH :!: IOO Mpa.

amplitudes for bending and for torston,

see above,
Sap.1= S, = 150 MPa .
Tax1 = T,, = 100 MPa.

&

— O —)
i

Ejemplo ?

Amplitude of the component variable amplitude fatigue

TSpr.p = 233 MPa, Tpg,; = 179 MPa.

Degrecs of utilization

Individual types of stress, beading and torsion,

s o =
KD =33 T TR
{814] apKLE = S&b‘]. =
aBK,! — m = 0,670 . SBK.b /Jcn'
Combined types of stress apKs = i—]*ﬁ s
R PRI
fwe = 1 /43, d, Tt

= dBK.,h * 0,773 s

Sa

ta

= agk = 0,670,




Sy = S, = £150 MPa,

Ejemplo - Sintesis T, = Tas * Tag = 50 MPa + 100 MPa

_T—“Q
E__ D - R\_r d - j{-MhD 9

Characteristie Sequentisl Ry, = 895 Mpa,
SEEVACE Alrpsses procedure of EI:' fw.e = 0,45,

calewlation P 0,45 * 895 MPa = 403 Mp:
Material l / fw,. = 0,58,
I

. = 0,58 * 403 MPa = 233 Mpa .
propertics Was ¢ P

Kwip = 1,374 + 170,857 - 1 = 1,541

I Design

parameters €) Kwki = 1,134 + 1/0,917 - | = 1,224

SN R —

Component fatipue limit
lor zero mean stress

[ ! = 7 ‘ 224 = 190 MPa .

Cenponent fatigue limid Componea Twicy = 233 MPa / 1,224

lor the actial mean stress fatigue &) S| Sakyp = 0,800 1 - 261 MPa = 233 MPa .

f strength N .
Component variable i Taks = 0,942 ' 1 190 MPa = 179 MPa .

: : |
| Amplitude fatigue strengih l {Ej \

Rt ———
]S —————————

Salety
[ctors @ \
q_"'_""'-—--.._.:_ _,,_._.-—--""'_'_- N  Jp = L2.

Assessmel
Y — s = 1,023

Swi.p = 403 MPa/ 1,541 = 261 MPa

il b T T R — P

Sgrkp = 1233 MPa = 233 MPa
TBK.J = i . 179 MPE‘I = 179 Mpa .

\

The degree of utilization of the component fatigue
limit is 102 %.

The assessment of the fatigue limit is approximately
achieved.
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