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a) erforderlicher Passfugendruck
≔vRmin 2

≔perf ⋅―――――
vRmin

⋅⋅⋅2 π rp lf μH

‾‾‾‾‾‾‾‾‾‾
+Fax

2 ⎛
⎜
⎝
―
T
rp

⎞
⎟
⎠

2 ≔rp 25 mm ≔lf 40 mm ≔μH 0.2 ≔Fax 4 kN ≔T ⋅300 N m

≔Rz.Welle 3 μm ≔Rz.Nabe 3 μm ≔ri.Nabe 25 mm ≔ra.Nabe 50 mm

≔perf =⋅――――――――
2

⋅⋅⋅2 π 25 mm 40 mm 0.2

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+((4000 N))

2 ⎛
⎜
⎝
―――――

⋅300000 N mm
25 mm

⎞
⎟
⎠

2

20.132 ――
N

mm 2
≔Rp0.2 450 ――

N

mm 2
≔vF 1.3 ≔ri.Welle 0 mm ≔ra.Welle 25 mm

≔ENabe 210000 ――
N

mm 2
≔EWelle ENabe ≔νNabe 0.3 ≔νWelle νNabeb) Übermaßverlust

≔E EWelle
≔G 0.4 ⎛⎝ +Rz.Welle Rz.Nabe⎞⎠ ≔G =0.4 (( +3 μm 3 μm)) 2.4 μm

c) zulässige Passfugendurck ≔Sü ⋅0.001 rp

≔qNabe

⎛
⎜
⎝
―――
ri.Nabe

ra.Nabe

⎞
⎟
⎠

2

≔qNabe =
⎛
⎜
⎝
―――
25 mm
50 mm

⎞
⎟
⎠

2

0.25

≔qWelle

⎛
⎜
⎝
―――
ri.Welle

ra.Welle

⎞
⎟
⎠

2

≔qWelle =
⎛
⎜
⎝
―――
0 mm
25 mm

⎞
⎟
⎠

2

0

≔σzul ――
Rp0.2

vF
≔σzul =――――

450 ――
N

mm 2

1.3
346.154 ――

N

mm 2

≔pzul ⋅σzul ―――
−1 qNabe

2
≔pzul =⋅346.154 ――

N

mm 2
―――
−1 0.25
2

129.808 ――
N

mm 2

d) erforderliches und zulässiges Übermaß
≔Serf +⋅perf rp +――

1
ENabe

⎛
⎜
⎝

+
⎛
⎜
⎝
―――
+1 qNabe

−1 qNabe

⎞
⎟
⎠

νNabe

⎞
⎟
⎠

――
1

EWelle

⎛
⎜
⎝

−
⎛
⎜
⎝
―――
+1 qWelle

−1 qWelle

⎞
⎟
⎠

νWelle

⎞
⎟
⎠

⎡
⎢
⎣

⎤
⎥
⎦

G

―――
+1 qNabe

−1 qNabe

= =―――
+1 0.25
−1 0.25

1.667 ―――
+1 qWelle

−1 qWelle

= =――
+1 0
−1 0

1

ENabe = ≔EWelle 210000 ――
N

mm 2

≔Serf +⋅perf rp ――
1

ENabe

⎛
⎜
⎝

−++
⎛
⎜
⎝
―――
+1 qNabe

−1 qNabe

⎞
⎟
⎠

νNabe

⎛
⎜
⎝
―――
+1 qWelle

−1 qWelle

⎞
⎟
⎠

νWelle

⎞
⎟
⎠

G

≔Serf +⋅⋅20.132 ――
N

mm 2
25 mm ―――――

1

210000 ――
N

mm 2

(( +(( +1.667 0.3)) (( −1 0.3)))) 2.4 μm

=Serf 8.792 μm

≔Szul ⋅pzul rp ――
1

ENabe

⎛
⎜
⎝

−++
⎛
⎜
⎝
―――
+1 qNabe

−1 qNabe

⎞
⎟
⎠

νNabe

⎛
⎜
⎝
―――
+1 qWelle

−1 qWelle

⎞
⎟
⎠
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⎠
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≔Szul ⋅pzul rp ――
1

ENabe

⎛
⎜
⎝

−++
⎛
⎜
⎝
―――
+1 qNabe

−1 qNabe

⎞
⎟
⎠

νNabe

⎛
⎜
⎝
―――
+1 qWelle

−1 qWelle

⎞
⎟
⎠

νWelle

⎞
⎟
⎠

≔Szul ⋅⋅129.808 ――
N

mm 2
25 mm ―――――

1

210000 ――
N

mm 2

(( +(( +1.667 0.3)) (( −1 0.3))))

=Szul 41.214 μm

e) kleinste und größte Übermaß mit ausgewählter Passung
50H6: ≔EI 0 μm ≔ES 16 μm
50s6: ≔ei 43 μm ≔es 59 μm

≔Smin −―――
−ei ES
2

G ≔Smin =−―――――
−43 μm 16 μm
2

2.4 μm 11.1 μm

≔Smax ―――
−es EI
2

≔Smax =―――――
−59 μm 0 μm
2

29.5 μm

f) übertragbare Kraft an der Passfugenfläche, Rutschsicherheit
≔pmin ⋅――

Smin

rp
―――――――――――――――――

1

+――
1

ENabe

⎛
⎜
⎝

+―――
+1 qNabe

−1 qNabe

νNabe

⎞
⎟
⎠

――
1

EWelle

⎛
⎜
⎝

−―――
+1 qWelle

−1 qWelle

νWelle

⎞
⎟
⎠

≔pmin ⋅⋅――
Smin

rp
E ―――――――

1

+―――
+1 qNabe

−1 qNabe
―――
+1 qWelle

−1 qWelle

≔pmin =⋅⋅―――
11.1 μm
25 mm

210000 ――
N

mm 2
――――――

1

+―――
+1 0.25
−1 0.25

――
+1 0
−1 0

34.965 ――
N

mm 2

≔Fr※ ⋅⋅⋅⋅μH pmin 2 π rp lf ≔Fr※ ⋅⋅⋅⋅0.2 34.965 ――
N

mm 2
2 π 25 mm 40 mm

=Fr※ 43.938 kN

≔Fr

‾‾‾‾‾‾‾‾‾‾
+Fax

2 ⎛
⎜
⎝
―
T
rp

⎞
⎟
⎠

2

≔Fr =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+((4000 N))
2 ⎛

⎜
⎝
―――――

⋅300000 N mm
25 mm

⎞
⎟
⎠

2

12.649 kN

≔vR =――――
43.938 kN
12.649 kN

3.474
≔vR ――

Fr※

Fr

>vR vRmin
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≔vR ――

Fr※

Fr

>vR vRmin≔vR =――――
43.938 kN
12.649 kN

3.474

g) maximaler Passfugendruck
≔pmax ⋅――

Smax

rp
―――――――――――――――――

1

+――
1

ENabe

⎛
⎜
⎝

+―――
+1 qNabe

−1 qNabe

νNabe

⎞
⎟
⎠

――
1

EWelle

⎛
⎜
⎝

−―――
+1 qWelle

−1 qWelle

νWelle

⎞
⎟
⎠

≔pmax ⋅⋅――
Smax

rp
E ―――――――

1

+―――
+1 qNabe

−1 qNabe
―――
+1 qWelle

−1 qWelle

≔pmax =⋅⋅―――
29.5 μm
25 mm

210000 ――
N

mm 2
――――――

1

+―――
+1 0.25
−1 0.25

――
+1 0
−1 0

92.925 ――
N

mm 2

h) Nötige Fügetemperatur (mit Schrumpfübermaß)
≔νF +―――

+Smax Sü

⋅rp β
νRaum ≔Sü ⋅0.001 rp ≔Sü =⋅0.001 25 mm 25 μm

≔νF =+――――――――
+29.5 μm 25 μm

⋅⋅⋅25 mm 12 ⎛⎝10−6⎞⎠ ――
1

Δ°C

20 °C 201.667 °C

i) Festigkeitsnachweis an kritischer Stelle: für Nabe
≔σriN =−pmax −92.925 ――

N

mm 2

≔σraN 0 ――
N

mm 2

≔σφiN ⋅―――
+1 qNabe

−1 qNabe

pmax ≔σφiN =⋅―――
+1 0.25
−1 0.25

92.925 ――
N

mm 2
154.875 ――

N

mm 2

≔σφaN ⋅―――
⋅2 qNabe

−1 qNabe

pmax ≔σφaN =⋅―――
⋅2 0.25
−1 0.25

92.925 ――
N

mm 2
61.95 ――

N

mm 2

≔σV
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾−+σφiN

2 σriN
2 ⋅σφiN σriN

≔σV

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
−+

⎛
⎜
⎝
154.875 ――

N

mm 2

⎞
⎟
⎠

2
⎛
⎜
⎝
−92.925 ――

N

mm 2

⎞
⎟
⎠

2

⋅
⎛
⎜
⎝
154.875 ――

N

mm 2

⎞
⎟
⎠

⎛
⎜
⎝
−92.925 ――

N

mm 2

⎞
⎟
⎠

=σV 216.825 ――
N

mm 2

Mit PTC Mathcad Express erstellt. Weitere Informationen finden Sie unter www.mathcad.com.

mwmw
Textfeld
Aufgabe 1

mwmw
Notiz
Accepted festgelegt von mwmw



Deklarationen

≔α 60 ≔Pi ⋅2

≔αA 1.6 ≔R 100

≔Aers ⋅255
2

≔Ri 70

≔AD 7000
2

≔Rm.D 75

≔d 8 ≔R0.2 900

≔dh 9

≔dw 13

≔d2 7.19

≔d3 6.47

≔Egg 110 ――
2

≔Es 210 ――
2

≔FKges 4

≔fzs 4

≔fzp 4

≔i 4

≔lg 10

≔lk 32

≔ls 22

≔μ 0.16

≔n 1

≔p 1.25
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Aufgabe 

a)

≔AD =⋅Ri

2 ⎛⎝ ⋅1.539 10
4 ⎞⎠

2
≔FA =⋅Pi ――

AD

i
7.697

=Ri 70 =Pi 2

=i 4 =AD
⎛⎝ ⋅1.539 10

4 ⎞⎠
2

b)
=d 8 =Es 210

≔δSK =――――
⋅0.4 d

⋅⋅Es

⎛
⎜⎝
―
d

2

⎞
⎟⎠

2
⎛⎝ ⋅3.032 10

−7⎞⎠ ――

≔δgew =―――――
lg

⋅⋅Es

⎛
⎜⎝
―
d3

2

⎞
⎟⎠

2
⎛⎝ ⋅1.448 10

−6⎞⎠ ―― =lg 10 =Es 210

=d3 6.47

≔δl =――――
ls

⋅⋅Es

⎛
⎜⎝
―
d

2

⎞
⎟⎠

2
⎛⎝ ⋅2.084 10

−6⎞⎠ ―― =ls 22 =Es 210

=d 8

≔δGM =――――
⋅0.4 d

⋅⋅Es

⎛
⎜⎝
―
d

2

⎞
⎟⎠

2
⎛⎝ ⋅3.032 10

−7⎞⎠ ―― =d 8 =Es 210

≔δs =+++δSK δl δgew δGM
⎛⎝ ⋅4.139 10

−6⎞⎠ ――

≔δf =―――
lk

⋅Egg Aers

⎛⎝ ⋅1.141 10
−6⎞⎠ ―― =lk 32 =Aers 255

2

=Egg 110
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=δf
⎛⎝ ⋅1.141 10

−6⎞⎠ ――
≔ϕ =――

δf

+δf δs

0.216

=δs
⎛⎝ ⋅4.139 10

−6⎞⎠ ――

c)

≔fz =+fzs fzp 8

≔Fsz =⋅fz ―
ϕ

δf

1.515

=ϕ 0.216 =δf
⎛⎝ ⋅1.141 10

−6⎞⎠ ――

d)

≔FKerf =――
FKges

4
1 =FKges 4

≔FMmin =++FKerf ⋅(( −1 ϕ)) FA Fsz 8.549

=FKerf 1 =ϕ 0.216 =FA 7.697 =Fsz 1.515

≔FMmax =⋅FMmin αA 13.678

=FMmin 8.549 =αA 1.6

e)

≔fs =⋅FMmin δs 35.383 =δs
⎛⎝ ⋅4.139 10

−6⎞⎠ ――
=FMmin 8.549

≔ff =⋅FMmin δf 9.753 =δf
⎛⎝ ⋅1.141 10

−6⎞⎠ ――
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f)

≔ρ =atan
⎛
⎜
⎜
⎝

―――
μ

cos
⎛
⎜⎝
―
α

2

⎞
⎟⎠

⎞
⎟
⎟
⎠

10.467 ≔φ =atan
⎛
⎜⎝
――

p

⋅ d2

⎞
⎟⎠

3.167

=α 60 =μ 0.16 =p 1.25 =d2 7.19

≔DKm =―――
+dw dh

2
11

=dw 13 =dh 9

≔MG =⋅⋅FMmin ―
d2

2
tan (( +φ ρ)) 7.455 ⋅

=FMmin 8.549 =d2 7.19 =φ 0.055 =ρ 0.183

≔MSK =⋅⋅FMmin ――
DKm

2
μ 7.523 ⋅

=FMmin 8.549 =DKm 11 =μ 0.16

≔MAmin =+MG MSK 14.978

g)

≔FSA =⋅ϕ FA 1.663 ≔ds =―――
+d2 d3

2
6.83

=ϕ 0.216 =d2 7.19

=FA 7.697 =d3 6.47

≔σz =――――
+FMmax FSA

⋅―
4

⎛⎝ds⎞⎠
2

418.734

=FMmax 13.678 =FSA 1.663 =ds 6.83
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≔Wp =⋅―
16

ds

3
62.559

3

≔MG =⋅⋅FMmax ―
d2

2
tan (( +φ ρ)) 11.928 ⋅

=FMmax 13.678 =φ 0.055 =ρ 0.183

≔τ =――
MG

Wp

190.67 =MG 11.928 ⋅

≔σV =‾‾‾‾‾‾‾‾‾+σz

2
⋅3 τ

2
533.295

=σz 418.734 =τ 190.67

≔j =
⎛
⎜
⎝
――
σV

R0.2

⎞
⎟
⎠

−1

1.688

=σV 533.295 =R0.2 900

=ϕ 0.216 =ds 6.83
≔σdy =―――

⋅ϕ FA

⋅―
4

⎛⎝ds⎞⎠
2

45.394
=FA 7.697

=<σdy 110 1

≔jdyn =
⎛
⎜⎝
――――

σdy

110

⎞
⎟⎠

−1

2.423 =>jdyn 1.8 1

≔FK =−FMmin ⋅(( −1 ϕ)) FA 2.515 =FMmax 13.678

=ϕ 0.216

=>FK ――
FKges

i
1 =FA 7.697

F 13 678
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=FMmax 13.678
≔p =―――――

+FMmax FSA

⋅―
4

⎛⎝ −dw

2
dh

2 ⎞⎠

221.971
=FSA 1.663

=dw 13 =dh 9
≔pzulf 800

=<p pzulf 1
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