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Dimensioning according to fatigue limit,
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Jaykan akselin vasymisrajamitoitus, kaavat
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

1. Taivutus- ja vaantomomentin maaritys

1. Define the bending moment and torque

2. Nimellisten taivutus- ja vaantojannitysten
laskenta
Ghim ja Thim

2. Calculate the nominal stresses
¢ Gnom and Tnom

3. Lovenvaikutusluvun K; laskenta
* K taivutukselle (M)
* K vaanndlle (T)

Ke=1+q(K,-1)

K, on loven muotoluku
g on materiaalin loviherkkyys

g = 0,9: rakenneteras S355 ja nuorrutus-
terakset

3. Calculate the fatigue stress
concentration factors K;
* K, for bending (M)
K, for torsion / torque (T)
Ki=1+q(K,-1)

— K, is stress factor of the notch or shoulder
— g is notch sensitivity of the material

— g =0.9: structural steel S355 and tempered
steels
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Nimelliset jannitykset / nominal stresses

N

B e I

Max normal stress ¢ in bending load

T S -

Max shear stress 1 in torsion

o= M/W
M is bending moment
W is section modulus

* round shaft
o =32M/nd?3
d is shaft diameter
* hollow shaft
o = 32MD/n(D* - d4)
D is outside diameter of the shaft
d is inside diameter of the shaft

D
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T =T/W,
Tis torque
W, is section modulus in torsion

* round shaft
T =16T/nd3
d is diameter of the shaft
* hollow shaft
t = 16TD/n(D*— d%)
D is outside diameter of the shaft
d is inside diameter of the shaft

@ jamk.fi




Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

4. Jannityshuippujen laskenta 4. Calculate max stresses

— taivutus: 6., = K« G iy — bending: 6., = Kq.Grom

— vaanto: T, = Kg * Thim — torsion: T, = KgTpom

5. Jannitysamplitudien laskenta 5. Calculate the stress amplitudes
vaihtokuormitus: — reversed fatigue load:

G35 = Omax Ta = Thax — G, = O Ta = Thax
tykyttava kuormitus: — pulsating load:
G, = cYmax/2 T, = Tmax/2 — G, = cYmax/2 T, = Tmax/2

6. Vertailujannityksen laskenta 6. Calculate the reference stress

— 2 2 2 2
Gaver — \/Ga +3Ta aref \/G +3T

jamk.fi
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Dimensioning according to fatigue limit

Jaykan akselin vasymisrajamitoitus I—

7. Materiaalin vasymislujuusarvon etsinta 7. Define the fatigue strength of the material
— taivutusvaihtolujuus o, — fatigue strength of the material 5,,
« N>107..108 = OO clinika - N>107..10%= G0 lifetime

materiaalitaulukoista (sivu 7) - from material tables (page 7)
— Esim. $355: 6,,, = 260 MPa - Example: $355: 6, = 260 MPa

tai likimaaraisesti jos - or approximately if material tables are

materiaalitaulukkoja ei ole hot available

kdytettavissa O = K*Rp,

Cuy = K*R, R, is ultimate tensile strength

R, on vetomurtolujuus k = 0,49 for structural steels
k = 0,49 rakenneteraksille k = 0,44 for tempered steels
k = 0,44 nuorrutusteraksille k = 0,41 for case hardened steels
k = 0,41 hiiletysteraksille k = 0,37 for cast irons
k = 0,37 valuraudoille

jamk.fi
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

7. Materiaalin vasymislujuusarvon 7. Define the fatigue strength of the
etsinta material

— Taivutuskestolujuus, kun — limited fatigue resistance under
kuormituskertojen maara pulsation, when number of loads

- N<10’ * N<10’

N < 107

- O, korvataan o, -arvolla o, Will be replaced by o,

vetomurtolujuus tensile strength

1000 0,85 *R__

10 000 0,75 *R,,
100 000 0,60 *R,,

R, values,ée jamk.fGi_

page 7.
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Shaft Materials
Akselimateriaalit

Steel type Symbol, Diameter,
Terdksen tyyppi | merkinta Halkaisija

(mm) Lujuusarvot suuntaa-antavia

Structural steel ~ S355J2 .70
Rakenne-teras (70)...200 R, on min vetomurtolujuus

Tempered steel  25CrMo4 .16 Re min myotoraja
Nuorrutus-teras (16)...40 G,,, ON taivutusvaihtolujuus
25CrMoS4 (40)...100
(100)...160
42CrMo4 ...16
(16)...40
42CrMoS4 (40)...100
(100)...160

The values are only
suggestive

(160)...250 R,, is min ultimate tensile
34CrNiMo6 ..16 strength

(16)...40

(40)...100

(100)...160

(160)...250

R. is min yield stress

o, IS fatigue resistance

Case hardening  20NiCrMo2-2 11 under pulsation

steel (12)...

Hiiletysteras (30)...
20MnCr5 .11

(11)...

(30)...

18CrNiMo7-6 .11 \ °
(12)...
Jamk.fi
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

8. Maarittele pinnanlaadun kerroin k 8. Define the surface factor «

Surface roughness R,
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

9. Maarittele kokokerroin, m 9. Define the scale factor m
d on akselin suurin halkaisija [mm] d is max diameter of the shaft [mm]
m 4
0,9 ™
\
0,8 \\
0,7
0,6

10 20 30 40 50 60 70 80 90 100 110 120 d/mml

: jamk fi

11.1.2021 Janne Lappi



Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

10. Varmuusluvun laskenta 10. Calculate the safety factor

seka taivutus etta vaanto — both bending and torsion

o M K Oy, M K Gy
= n =

_ e) a'ver Oaref
pelkka taivutus — only bending

_ MK Gy, M K Gy,

n =
n
be cynim

be cynom

varmuuskerroin n > (1,5...) 2... — safety factor n > (1.5...) 2...
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Tables / taulukot
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Shaft Materials
Akselimateriaalit

Steel type Symbol, Diameter,
Terdksen tyyppi | merkinta Halkaisija

(mm) Lujuusarvot suuntaa-antavia

Structural steel ~ S355J2 .70
Rakenne-teras (70)...200 R, on min vetomurtolujuus

Tempered steel  25CrMo4 .16 Re min myotoraja
Nuorrutus-teras (16)...40 G,,, ON taivutusvaihtolujuus
25CrMoS4 (40)...100
(100)...160
42CrMo4 ...16
(16)...40
42CrMoS4 (40)...100
(100)...160

The values are only
suggestive

(160)...250 R,, is min ultimate tensile
34CrNiMo6 ..16 strength

(16)...40

(40)...100

(100)...160

(160)...250

R. is min yield stress

o, IS fatigue resistance

Case hardening  20NiCrMo2-2 11 under pulsation

steel (12)...

Hiiletysteras (30)...
20MnCr5 .11

(11)...

(30)...

18CrNiMo7-6 .11 \ °
(12)...
Jamk.fi
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Example how to read
stress factor K, diagrams

Load type, M

N A{mE )

r/d = 5/50=0,1
D/d= 75/50 =1,5 AN
> 4 18 \:\ \\
K,=1,68 < -
t \\ = /gld 5
14 ~ — /15
\.L :1.1
<103
F 10 o - J o
F = external force 0 S '
F1 and F2 are bea”ng forces weak point, which will break first
L‘,\) T‘ /R/ under fatique load = stress
concentration point
N o\
| o
L0
R Y S T O l-. .. L -
F1 J
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

* K, stress factors of the shoulder, loven muotolukuja

Bending & M -~ Torque =& T

o [P

\N
\\

NN

=
T~

01 Q2

r/d

(b)

Bending=> Torque = o o
Ko T Ak et jamk.fi
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

* K,stress factors of the notch, loven muotolukuja

Bending = M

M(?

[

é

nim- 7743

_
K733

= 3ZM

SN

.\Lﬁ_

1

Q3

To

rque = T

rcm{jcrf

T JJ6r
nim '”-—dg'

S

01

Bending=>
Kip =1+ q(K;-1)
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

8. Maarittele pinnanlaadun kerroin k 8. Define the surface factor «

Surface roughness R,
1

Piinnank‘arheu]s R, I= 0,3
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Vetolujuus R, / (N/mm?)
Ultimate tensile strength R,

R, =490 MPa

Example
S355, R,,=490 Mpa and R, = 3,2

> K = 0,84 ja_n]k.flé_
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

9. Maarittele kokokerroin, m 9. Define the scale factor m
d on akselin suurin halkaisija [mm] d is max diameter of the shaft [mm]
m 4
\
0,9 - !
\ |
- 0,8 ) \\
m=0,78 ¢ . ﬂj\\\-«_
‘ 0,7
0,6 )
10 20 30 40 50 6070 80 90 100 110 120 d/mm
65 |
d65

Example shatft,
| I‘ - } | 7] | esimerkkiaksell o o
i50 jamk.fi
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