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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 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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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

* K, stress factors of the shoulder, loven muotolukuja

Bending & M -~ Torque =& T
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Ki, =1+ q(K, - 1) Ki=1+q(K;-1) jan]k.f4].-
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

* K,stress factors of the notch, loven muotolukuja
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Nimelliset jannitykset / nominal stresses

N

B e I

Max normal stress ¢ under bending load

T

Max shear stress T under torsion load

onomz M/W
M is bending moment
W is section modulus

Tnomz T/WV
Tis torque
W, is section modulus in torsion

* round shaft

o =32M/nd?3
d is shaft diameter

* round shaft

@ T =16T/nd?
d is diameter of the shaft

hollow shaft

ﬁ’ T =16TD/n(D*~ d?)
‘ D is outside diameter of the shaft

d is inside diameter of the shaft

* hollow shaft
ﬁ} 6 = 32MD/n(D* - d%)
" D is outside diameter of the shaft
d is inside diameter of the shaft
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

4. Jannityshuippujen laskenta
— taivutus: 6., = K¢ « Oy

— vaanto: 7., =K «Thim

4. Calculate max stresses
— bending: 6., = Ki,Grom

— shearstress: 1., = KiThom

5. Jannitysamplitudien laskenta
— vaihtokuormitus:

¢ Ga = Gmax Ta = Tmax

— tykyttava kuormitus:

¢ Ga = GI’\’]aX/2 Ta = Tmax/z

5. Calculate the stress amplitudes
— reversed fatigue load:

¢ Ga = Gmax Ta = Tmax

— pulsating load:

¢ Ga = GI’\’]aX/2 Ta = Tmax/z

6. Vertailujannityksen laskenta

— 2 2
CTaver Bl \/Ga +3Ta

6. Calculate the reference stress

O grof = \/(‘5 2431,
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Dimensioning according to fatigue limit

. . . . . . oy o N> 107...108
Jaykan akselin vasymisrajamitoitus

7. Materiaalin vasymislujuusarvon etsinta 7. Define the fatigue strength of the material
— taivutusvaihtolujuus o, — fatigue strength of the material G,
- N>107..10% = oo eliniki - N>107..108%= OQ lifetime

materiaalitaulukko seuraavalla sivulla - material table next page
Esim. $355: &,,, = 260 MPa - Example: $355: o,,, = 260 MPa

tai likimaaraisesti jos « or approximately if material tables are
materiaalitaulukkoja ei ole not available
kaytettavissa Gy, = k*R,

Oy = KRy, 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 steel:
k = 0,41 hiiletysteraksille k = 0,37 for cast irons

k = 0,37 valuraudoille

jamk.fi
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Shaft Materials
Akselimateriaalit

Steel type Symbol, Diameter,
Terdksen tyyppi | merkinta Halkaisija

(mm) Lujuusarvot suuntaa-antavia

Structural steel ~ S355J2 .70
Rakenneteras (70)...200 R, on min vetomurtolujuus

Tempered steel  25CrMo4 .16 Re min myotoraja
Nuorrutusteras (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

(112)...

(30)...

18CrNiMo7-6 .11 \ °
(12)... f
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 __
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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 ]
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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

i jamk fi
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Dimensioning according to fatigue limit
Jaykan akselin vasymisrajamitoitus

10. Varmuusluvun laskenta 10. Calculate the safety factor

seka taivutus etta vaanto — both bending and torsion

_ MK Gy, M K Gy,
n = n =
Gaver Oaref

pelkka taivutus — only bending

_ MK Gy, M K Gy,

n =
n
be c;nim

be cSnom

varmuuskerroin n > (1,5...) 2... — safety factor n > (1.5...) 2...
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Shaft connections with form
Muotosulkeiset akseliliitokset




Parallel key
Tasakiilaliitokset




Parallel key, Tasakiila

" 4
&
+1 1
%‘U‘b

Leikkaus A-A

B-type

Leikkaus X-X
1)

VA

jamk.fi
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Parallel key, Tasakiila B -18 x 11 x 44

9.2.2022

A

t, = akselin kiilauran syvyys / is the depth of the key slot in the shaft
t, = navan kiilauran syvyys / is the depth of the key groove in the hub

| = kiilan pituus / is the length of the key t ] f‘
b = kiilan leveys / is the width of the key J o ]_
1

Janne Lappi
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Suostellut kiilan pituudet

Recommended lenghtgs of parallel keys

Parallel keys SFS 2636 (dimensionsin mm)

Width 5 6 8 10 12 14 16 18 20 22 25 28 32
Height 5 6 7 8 8 9 10 11 12 14 14 16 18
Shaft > 12 17 22 30 38 44 50 58 65 75 85 95 110
diameter = 17 22 30 38 44 50 58 65 75 85 95 110 130
Depth t, 3 35 4 5 5 55 6 7 7.5 9 9 10 11
Depth t; 2.3 28 3.3 3.3 3.3 3.8 4.3 4.4 49 54 54 6.4 7.4
Length I, 10 X
12 X
14 X X
16 X X
9 18 X X X
- 20 X X X
(@)] 22 X b X X
c
D 25 X X X X
- 28 X X X X
© 32
D
© 36 X X X X X X
c 40 X X X X X X
(b} 45 X X X X X X X
E 50
E 56
@) 63 X
&)
(D) 70 X X X X X X X X X X
D: 80 X X X X X X X X X X

a0

100
110
125

140
160
180

200
220
250




Tasakiila / Parallel key

vaantdmomentin siirtokyky Torque transmission capacity of
navalle the hub

P, ON navan pintapaine, p, < p, py, is the surface pressure of the hub, p, < p,,

p, taulukko 4.3-6 P,y table 4.3-6

| on kiilan pituus, | is the length of the key,
_ ohjearvol=1,5d (0,7d < < 2,5d) — recommended value | =1.5d (0.7d < | < 2.5d)

d on akselin halkaisija d i.s the diameter of the shaft.
t, on navan kiilauran syvyys t, is the depth of the key slot in the hub

Prxl* tp* (d + 1))
hub — 2




Tasakiila / Parallel key

vaantomomentin siirtokyky Torque transmission capability
akselille of the shaft
p, on akselin pintapaine, p, is the surface pressure of the shaft,

Ps < Py Ps < Py
d on akselin halkaisija d is the diameter of the shaft
t, is the depth of the key slot in the shaft

t, on akselin kiilauran syvyys

ps * I+ ty+ (d - ty)
Tshaft — 2




Koneenosien suunnittelu (Bjork et al, year 2014, page 243)

Tasakiila / Parallel key
Taulukko / table 4.3-6

Basic surface pressure p, (MPa) Alumiinivaluja/cait aluminium grades
|

Steel Grey cast Spheroidal Bronze AlCuMg AlMg G-AlSi

Cast steel iron iron Brass AIMn G-AlSiMg

S355J2 Harmaa- Pallografiitti- Pronssi, AlMnSi
valurauta valurauta messinki

150 90 110 50 90 70

200
(harde-
ned)

Allowable surface pressures p,, for parallel keys and P_,depends on the
axially grooved or toothed profile shafts |02d type

One-way static load 0.8p, Yksisuuntainen kuormitus,
lepokuormitus

One-way load with light impacts 0.7p,  Yksisuuntainen kuormitus, I:)all rllppuu o
kevyita iskuja kuormitustyypista

One-way load with hard impacts 06py  Yksisuuntainen kuormitus,

kovia iskuja . ei suositeltu
Two-way load with light impacts 0.45p, Vaihtosuuntainen kuormitus, kiilaliitokselle / not

rernl
cvyita iskuja recommended for

Two-way load with heavy impacts 0.25p, Vaihtosuuntainen kuormitus,
" kovia iskuja parallel key




Parallel key

 Torque transmission capacity of the key
(shear stress)

— 7tisshearstress, 1<t

(table 4.3-7)
— Ais cutting surface area of the parallel key

A=1*b
| is the length

sall

b is the width of the parallel key

Typically surface pressure of the shatft
and hub are the critical points, but it is
always recommended to check shear
stress capacity of the parallel key
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Taulukko / table 4.3-7

valuteras
harmaa valurauta

pronssi, messinki

Koneenosien suunnittelu (Bjork et al, year 2014, page 244)

Equal to parallel key

materiaali kuormltgs- puristusylimitta uralllne'n tai lovettu . Vastaa} .
tyyppi tapin kohta periaatteellisesti
kiilaa
Material of the | Load Press fit Grooved or slot part | Loose, smooth pin
parts round type of the pin
the steel pin
P o T P [0} T P (o} T
MPa | mpa |MPa | MPa | mpa | mMPa | MPa | mpa | MPa
$235 98 69 30
$355 104 73 30
Cast steel Static load 83 58 30
Grey castiron atic loa 68 190 | eo 48 160 | 65 40 200 |80
Bronze, brass Staattinen 40 28 40
AlCuMg-alloys 65 46 20
AlSi 45 32 20
$235 72 52 24
8355 76 55 24
Cast steel . 62 43 24
Grey castiron Pulsatingload | 145 | 60 36 120 | 50 32 140 | 60
Bronze, brass pulseeraava 29 21 32
AlCuMg-alloys 47 35 16
AlSi 33 24 16
§235 37 26 12
$355 38 28 12
Cast steel R 31 21 12
Grey castiron eversed 26 75 30 18 60 25 16 70 30
fatigue load

Bronze, brass 14 10 16
AlCuMg-alloys vaihtokuormitus 23 17 8
AISi 16 12 8

p = surface pressure o = normal stress of bending

p = pintapaine o = taivutusjannitys

t = shear stress
1T = leikkausjannitys 23




Transverse clevis pin

Poikittaislieriotappi akselin ja navan
valilla




Transverse clevis pin
Poikittaislieriotappi akselin ja navan valilla

D,, is the outside diameter of the hub
D, is the outside diameter of the shaft
d is the diameter of the pin

/

TTTIRITN

Dy, on navan ulkohalkaisija
D, on akselin ulkohalkaisija
d on tapin halkaisija

9.2.2022 Janne Lappi



Transverse clevis pin
Poikittaislieriotappi akselin ja navan valilla

* navan siirtama vaantomomentti < torque transmission capacity
of the hub

P * (Dh2 R Dsz) * d
4

Thub =

- D, is the outside diameter of the
D, on navan ulkohalkaisija hub

D, on ak.selm qu.o'haIkalsua D, is the outside diameter of the
d on tapin halkaisija shaft
Py, ON havan pintapaine

d is the diameter of the pin

p,, is the surface pressure of the hub,
p, < p,, (table 4.3-7)
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Transverse clevis pin
Poikittaislieriotappi akselin ja navan valilla

* akselin siirtama vaantomomentti e torque transmission capacity of the shaft

p,, *D.2 * d
Tshaft= . 68

D, on akselin ulkohalkaisija D, is the outside diameter of the shaft

d on tapin halkaisija d is the diameter of the pin

P ON navan pintapaine p, is the surface pressure of the hub,

Pn < Py (taul. 4.3-7) p, < pg (table 4.3-7)

9.2.2022 Janne Lappi



Transverse clevis pin
Poikittaislieriotappi akselin ja navan valilla

e tapin siirtaima * torque transmission
vadntdmomentt;i capacity of the pin

T

o¥ TO* d? x Ds
Tpin _ 4

* 1, is the shear stress of the pin,

* D, is the outside diameter of the
shaft

e dis the diameter of the pin

* T, 0n tapin leikkausjannitys ,
® Tp S Tsa” (taUI. 4.3'7)

e d on tapin halkaisija

* D, on akselin ulkohalkaisija

9.2.2022 Janne Lappi




Transverse clevis pin
between a tension bar and

a forked bracket

Poikittaislieridtappi
vetotangon ja haarukan
liitoksessa




Poikittaislieridtappi vetotangon ja haarukan liitoksessa
Transverse clevis pin between a tension bar and a forked bracket

Mitat ‘F Dimensions

d = tapin halkaisija d = diameter of pin
a = haarukan toisen puolen leveys ; a = width of one half of the fork
b = vetotangon leveys _ b = width of the bar
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Poikittaislieridtappi vetotangon ja haarukan liitoksessa
Transverse clevis pin between a tension bar and a forked bracket

tapin taivutusjannitys bending stress of the pin

W, =0,1*d? W, =0,1*d3
W, on tapin taivutusvastus W, is the section modulus of the pin
G, q taulukko 4.3-7 G, . table 4.3-7

< cSp,all

F 0,5¢b) F :
: * (a+0,5¢b) F * (a+0,5+b) Gy a

4 x*Wt 4 x0,1xd?>
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Poikittaislieridtappi vetotangon ja haarukan liitoksessa
Transverse clevis pin between a tension bar and a forked bracket

e tapin ja tangon vidlinen ¢ surface pressure between

pintapaine the pin and the bar
* P, taulukko 4.3-7 * P, table 4.3-7
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Poikittaislieridtappi vetotangon ja haarukan liitoksessa
Transverse clevis pin between a tension bar and a forked bracket

* tapin ja haarukan silmukoiden e surface pressure between
valinen pintapaine the pin and the fork

P, o taulukko 4.3-7 * P, table 4.3-7
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Poikittaislieridtappi vetotangon ja haarukan liitoksessa
Transverse clevis pin between a tension bar and a forked bracket

e tapin leikkausjannitys e shear stress of the pin

Tp’a” taulukko 4.3-7 o Tp’a” table 4.3-7

F 2«F

= ST
2 %A 7T *d? p.all

Ty —

3
"N\
b

@TJ
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Profile shafts
Axially grooved round profile shaft

Profiiliakselit
Aksiaalisuunnassa uritettu pyorea

profiiliakseli
a) Tasopintaiset hampaat o
Teeth profile: flat 3;: sty
A

b) Sahaprofiilihampaat
Teeth profile: saw

c) Sahaprofiiliakseli elvoventtihampain
Teeth profile: involute o 50

DIN 5482

Jamk f].




Aksiaalisuunnassa uritettu pyorea profiiliakseli
Axially grooved round profile shaft

161163

Vaantdmomentin siirtokyky / torque transmission capacity nm

FU*dm_ Fn *cosa*dm _p*h*l*Z*q*cosa*dm
2 2 2

T =

F, on kehavoima / is the twisting force
F,, on normaalivoima / is the normal force
h on hampaan tehollinen korkeus, / is the effective height of the tooth
h= (dz - dl) /2
d, on tyvihalkaisija/ the butt diameter,
d, on padhalkaisija / d, is the tip diameter
ura-akselille / for a spline shaft: h =t
d,, on keskihalkaisija / the mean diameter
d,=(d;+d,)/2
| on hampaan pituus aksiaalisuunnassa / the axial length of the tooth
o on ryntdkulma
o =0 ura-akselille / for a spline shaft
o = 30°evolventtihampaille / for an involute tooth
g on kantokerroin / the bearing factor,
g=0,75 ... 0,80 ura-akselille / for a spline shaft
g = 0,80 evolventtihampaille / for an involute tooth
z on hammasluku / the number of teeth
p on pintapaine / the surface pressure,

p < p,, (taulukko / table 4.3-6) o f.
jamk.fi
36
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Ura-akselin mittoja / Dimensions of spline shafts
dimensions [mm]

Kevyt sarja (DIN 5462) Keskisarja (DIN 5463)
Light series Medium series
Nimellismitat / nominal dimensions Nimellismitat / nominal dimensions

z |d, d, b t z d, d, b

11 14
16 20
23 28
28 34
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Shaft connections with friction

Kitkasulkeiset akseliliitokset




Taper connection

Aksiaalinen kartiokiristysliitos




Aksiaalisesti kiristetty kartioliitos
Taper connection

vaantbmomentin siirtokyky / torque transmission capacity

T_“*Fn*dm_ p*F +d,
B — 2x[sin(0,5Y)+xcos(0,5+Y)]

9.2.2022

2

Janne Lappi

F, on normaalivoima / normal force

F on aksiaalinen kiristysvoima / axial tensioning force
v on kartiokulma asteissa / taper angle

u on kitkakerroin / friction coefficient

* u=0,25...0,30 voitelemattomille pinnoille /

non lubricated surfaces
d,, on keskihalkaisija / mean diameter
d,=(D+d)/2
D on akselin halkaisija (kartiotapin suurempi
halkaisija) / shaft diameter (bigger diameter)

d on kartiotapin pienempi halkaisija (ruuvin
nimellishalkaisija / the smaller diameter (nominal

diameter of the screw)




Crimp connection

Puristusliitos




‘)

* Dg = liitospinnan nimellinen halkaisija / nominal diameter of the connection
* |- = liitoksen pituus / axial length of the connection
* p kutistuspaine / surface pressure

9.2.2022 Janne Lappi



Puristusliitos ja kutistusliitos
Crimp and shrink connection

e vaantdomomentin siirtokyky / torque transmission capacity

— T* DF2 *lF *Vy *P (1)
- 2 %S,

D¢ on liitospinnan halkaisija (nimellismitta) / nominal diameter of the connection
|- on liitoksen pituus / axial length of the connection
p on kutistuspaine, pintapaine / shrink pressure (surface pressure)

v, On tartuntakerroin tangentiaalisuunnassa liukumiseen nahden / is the grip
coefficient factor against tangential sliding
« arvot taulukossa 1. / values in table 1.

S, on varmuusluku liukumiseen nahden / is the safety factor towards the sliding:
+ S, = 1,5 staattinen kuorma / static load
S, = 1,8 tykyttava kuorma / pulsating load
« S, = 2,2 vaihtokuormitus / reversed fatique load
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

aksiaalivoiman siirtokyky / axial force transmission capacity

m o De x|l *x v, %
Fax= FSF n*P (2)

D¢ on liitospinnan halkaisija (nimellismitta) / nominal diameter of the connection
|- on liitoksen pituus / axial length of the connection
p on kutistuspaine, pintapaine / shrink pressure (surface pressure)

v, on tartuntakerroin tangentiaalisuunnassa liukumiseen nahden / is the grip
coefficient factor against tangential sliding
« arvot taulukossa 1. / values in table 1.

S, on varmuusluku liukumiseen nahden / is the safety factor towards the sliding:
S, = 1,5 staattinen kuorma / static load
« S, = 1,8 tykyttava kuorma / pulsating load
« S, = 2,2 vaihtokuormitus / reversed fatique load
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

Material of
the hub

Grip coefficient

Dry

Lubricated

Vi

Vi

Structural steel

Cast steel

Stainless steel

Grey castiron

Spheroidal iron

9.2.2022

Janne Lappi

Taulukko 1.
Table 1.

Grip coefficients factors against sliding
(for one-way load and steel shafts)




Puristusliitos ja kutistusliitos
Crimp and shrink connection

* yhdistetty kuormitus: vadantémomentti T ja aksiaalivoima F_,
* combined load: torque T and axial load F_,

—

F.= tangential force Torque T=F, *r
F..— axial force

F. = Resultant force

|:i = JF’EZ + Faxz
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

* kun liitosta rasittaa yhtdaikaisesti vaantdomomentti M, ja aksiaalivoima F_,
e combined load: Tand F_,

Resultant F,=+F2+F_2

N

_Z*T

Tangential force  F, S
F

(3)

Dimensioning rule: F, < 1 * Dex | * v, * SB (4)

« S, on varmuusluku liukumiseen nahden / is the safety factor towards
the sliding:

S, = 1,5 staattinen kuorma / static load ® ®
S, = 1,8 tykyttava kuorma / pulsating load l
S, = 2,2 vaihtokuormitus / reversed fatique load L 47

9.2.2022 Janne Lappi




Puristusliitos ja kutistusliitos
Crimp and shrink connection

* todellinen sovite / actual fit (“real life” connection)

|Pil =Dia- Dy (5)

D,, on navan ulkohalkaisija / the outside diameter of the hub
D,, on navan sisahalkaisija / the inside diameter of the hub

D,, on akselin ulkohalkaisija / the outside diameter of the shaft
D, on akselin sisdhalkaisija / the inside diameter of the shaft

Actual fit can be defined by
measuring "real life” parts:
« shaft

* hub

akseli
shaft

9.2.2022 Janne Lappi



Puristusliitos ja kutistusliitos itseisarvo [X,J
I 1 H I lue [X
Crimp and shrink connection absolute value |X,{

* Toleransseihin perustuva sovite / fit based on tolerances of the parts
e minimiahdistus / minimum crimp

Pol = [Agal - 1A, (6)

— Akseli halkaisijaltaan alarajalla & navan reika ylarajalla / min shaft dia & max hub hole dia
* maksimiahdistus / maximum crimp

Pyl = (Al - Al (7)

- Akseli halkaisijaltaan ylarajalla & napa alarajalla / max shaft dia & min hub hole dia

A, on navan sisdhalkaisijan ylderomitta / the upper deviation of the inside diameter of the hub
A, on navan sisdhalkaisijan alaeromitta / is the lower deviation of the inside diameter of the hub

A, on akselin ulkohalkaisijan ylderomitta / is the upper deviation of the outside diameter of the shaft
A, on akselin ulkohalkaisijan alaeromitta / is the lower deviation of the outside diameter of the shaft
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

A, on navan sisadhalkaisijan ylaeromitta / the upper deviation of the inside diameter of the hub
A, on navan sisdhalkaisijan alaeromitta / is the lower deviation of the inside diameter of the hub

A, on akselin ulkohalkaisijan ylaeromitta / is the upper deviation of the outside diameter of the shaft
A, on akselin ulkohalkaisijan alaeromitta / is the lower deviation of the outside diameter of the shaft
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

todellinen sovite / actual fit |P,|
* [Pl <[P <[P, (8)

Q.
=
G
£
-
=
=
£

actual parts, hub

and shaft
maximum crimp
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

» P, tehollinen ahdistus / effective crimp

— Liittamisen yhteydessa tapahtuu pinnan karheushuippujen tasoittuminen, mika pienentaa
kuormankantokykya
— surface roughness will always flatten / smooth down when connection is assembled = it will

lower down load capability

|P,| <|P|-0,8*(R,,+R,) (9)
P on sovite / is the fit

R, on navan profiilin syvyys / surface roughness of the hub
R,, on akselin profiilin syvyys / surface roughness of the shaft
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

* R, jaR,vdlinen yhteys * Correlation between R, ja R,

— R, pinnankarheuden profiilinsyvyys — R, profile depth of surface roughness

— R, pinnankarheuden — R, mean deviation of the surface
keskipoikkeama roughness
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

14+Q,°

2
K= Ea, (1+QI 2
E 1-Q,

+
I 1—Q12 Ha (10)

W)t

K on apusuure / K is auxiliary variable

E, on navan kimmomoduuli / is the elastic modulus of the hub

E, on akselin kimmomoduuli / is the elastic modulus of the shaft

La(= v) on navan suppeumaluku eli Poissonin vakio / is the Poisson’s ratio of the hub
L, (= v) on akselin suppeumaluku eli Poissonin vakio / is the Poisson’s ratio of the shaft

Q, = D¢/D,, on navan halkaisijasuhde / is the diameter ratio of the hub (11)

Q, = D,/D; on akselin halkaisijasuhde / is the diameter ratio of the shaft (12)

— Q=0 umpiakselille / solid shaft
jamk.fi
] fi
54
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Puristusliitos ja kutistusliitos o
] . . Dr = nominal diameter of
Crimp and shrink connection connection

aksel
shaft
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

Murto-

Ultimate tensile strenght .
lujuus

Ylempi

Higher yield stress myétoraja

. Alempi
Lower yield stress \ ReLA OoNn navan

myotoraja .
alempi myotoraja /

Is the lower yield

stress of the hub
>

venyma
relative deformation
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

* kun pintapaine tunnetaan - suhteellinen tehollinen ahdistus &,
* when the surface pressure is known = relative effective crimp

};W |P | — K* 2 p (13)
D, E,
* pintapaineen rajoitus akselin ja navan liitoksessa / limitation of the surface
pressure in the connection of the hollow shaft and the hub
— navan pintapaine / surface pressure of the hub

1— Q2

pi:\/_S—* SPA * Ropa (14)

Re.a ON Navan alempi myétoraja / is the lower yield stress of the hub

S,a ON varmuus pysyvaan muodonmuutokseen nahden / is the safety factor towards permanent
deformatlons

yleensd varmuusluku on suuruusluokkaa / normally safety factor should be

Son = 1,2..1,25
[ f.

jamk.fi
o7
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

e pintapaineen rajoitus putkiakselin ja navan liitoksessa /
limitation of the surface pressure in the connection of the
hollow shaft and the hub

— akselin pintapaine / surface pressure of the shaft
- 1-Q7
p_\E * Spy

R, on akselin alempi myo6toraja / is the lower yield stress of the shaft

Sp; 0N varmuus pysyvaan muodonmuutokseen ndhden / is the safety
factor towards permanent deformations

Sp; =1,1...1,2 yleensa / normally

* Repy (15)
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

e pintapaineen rajoitus umpiakselin ja navan liitoksessa /
limitation of the surface pressure in the connection of the
solid shaft and the hub

— akselin pintapaine / surface pressure of the shaft

2

p= 3 .5, * Ry (16)

R.; on akselin alempi my6toraja / is the lower yield stress of the
shaft

Sp; ON varmuus pysyvaan muodonmuutokseen nahden / is the
safety factor towards permanent deformations

Sp; =1,1...1,2 yleensa / normally

B jamk fi
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

 kun tehollinen ahdistus &, tunnetaan = pintapaine
p voidaan ratkaista

* when the effective §, crimp is known = the surface
pressure p can be solved

_ Pyl _

F A

« Ea _ [Pyl *E,

17
o (17)
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

_ & % Ep — |PW_ minl *E , min effective crimp =>minimum
Prmin e K+D pressure between parts =>
F minimum load capacity (F, T)

E |P

— é * A — w. mgxl *E max effective crimp => maximum
pmax W K KxD pressure between parts => hub or
y shaft can be damaged

9.2.2022 Janne Lappi



Puristusliitos ja kutistusliitos
Crimp and shrink connection

suhteellisen tehollisen ahdistuksen rajoitus putkiakselin ja
navan liitoksessa

limitation of the relative effective crimp in the connection of
the hollow shaft and the hub

— napa / hub (18)

*
Ea

— putkiakseli / hollow shaft
Ew < K %

1- QI2 N ReLi

(19)

3 xS, Ea
I jamk.fi
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Puristusliitos ja kutistusliitos
Crimp and shrink connection

* suhteellisen tehollisen ahdistuksen rajoitus umpiakselin ja
navan liitoksessa, kun napa ja akseli ovat samaa materiaalia

e limitation of the relative effective crimp in the connection of
the solid shaft and the hub, when the hub and the shaft are
of same material v,

— napa/ hub

ReLA

(20)

Sw < *
V3 xS, E

Spa ON varmuus pysyvaan muodonmuutokseen nahden / is the safety factor towards permanent
deformations, (normally S, = 1,2...1,25)

— umpiakseli / round shaft 4 R
eLl

I *
V3 *(1_Q12)*Sp1 E

Sp 0n varmuus pysyvaan muodonmuutokseen nahden / is the safety factor towards permanent

deformations, (normally S, = 1,1...1,2) ° [
jamk.fi
63
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Calculation of crimp and shrink connection
a) The load is known, the necessary fit must be defined

Necessary surface pressurep (eq. 1 or 2 or 4)

v
Diameter ratio of the hub Q, (eq. 11)

v

Diameter ratio of the shaft Q; (eq. 12)

v
Auxiliary variable K (eq. 10)

v
Effective crimp |P,,| (eq. 13)

v
Fit (crimp) |P| (eq. 9)

v

Selecting the fit from the tables

v

Max crimp |P|,,, from the tables

v

Max effective crimp |P,,|,.. (eq. 9)

v

Max surface pressure p,,,, (eq. 13)

hollow shaft | round shaft
v v

Limitation of the surface pressure Limitation of the surface pressure
hub: (eq. 14) & shaft (eq. 15) hub: (eq. 14) & shaft (eq. 16)
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Calculation of crimp and shrink connection
b) The fit is known, the allowable load must be defined

Min crimp |P| from the tables

v
Min effective crimp |P,,| (eq. 9)

v
Diameter ratio of the hub Q, (eq. 11)

v

Diameter ratio of the shaft Q; (eq. 12)

v
Auxiliary variable K (eq. 10)

v

Min surface pressure p (eq. 13)

v
Allowable load T or F,; or F;(eq. 1 or 2 or 4)

v

Max crimp |P|,,, from the tables

v

Max effective crimp |P,,|,.. (eq. 9)

v

Max relative crimp &,,,,., (eq. 13)

hollow shaft | round shaft
v v

Limitation of the relative crimp Limitation of the relative crimp
hub: (eq. 18) & shaft (eq. 19) hub: (eq. 20) & shaft (eq. 21)
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Bore tolerances (Hub)
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Bore tolerances (Hub)
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Shaft tolerances
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Shaft tolerances
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