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Experimental Setup &f=s Transregiol0

LN I = 60 mm Coil (n=10)
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Mandrel with /
knurled surface

Mandrel
Outer diameter: 36; 34; 32; 31 mm Tube
Knurling” length /: 20; 40; 60 mm Outer diameter: 40 mm

Q, (hollow mandrels) 1.07;1.27; 1.46 _—

(*Cross knurl pattern according to DIN 82)
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Determination of Joint Quality == Transregiol0
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Results - Interlocking Mechanism
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Tube
Mandrel

Enlarged
area

__________________

Mandrel type
Charging energy E,
Knurling pitch f

solfd i

=
60kl AT
1.6 mm @J@

A

Tube e = _
L 2O 2mm e SO, L 2mink
a,=0mm a,=1.0mm ap,=2.0mm ap,=2.5mm
Veon = 0 m/s Ve

Collision velocity v,

F No indentation of the knurling teeth into tube
I Beneficial in case of dynamic loading
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Results - Knurling Pitch
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Joint strength F,, /F, ,
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Initial gap a, in mm

I coarse knurling — increased joint strength

E  highest collision speed — highest joint strength
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Charging energy: E, = 4.8 kJ

Knurling pitch: fx = varied
Knurling length: [k =60 mm
Qtial gap: 2 variy
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Results - Knurling Pitch
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Initial gap a, in mm

I tube's yield strength is reached
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(solid)

dy

Charging energy: E, = 6.0 kJ

Knurling pitch: fx = varied
Knurling length: [k =60 mm
Qtial gap: 2 vaw
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Results — Knurling Length
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Initial gap a, in mm

— Collision velocity v, in m/s

E  Non-linear correlation between F_, and /x
I Reason: non-uniform pressure distribution
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Charging energy: E_. =7.2kJ

Knurling pitch:

fk =1.0mm

Knurling length: /| = varied
Qtial gap: 2 variy
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Results — Hollow mandrels
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I Hollow mandrels — Decreasing joint strength
I Assumed reason: Deformation of the mandrel
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Results — Hollow mandrels

w /Mandrel type hollow b N
g Charging energy E, 6.0 kJ 3 X
A
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Ratio of cross-sectional areas Q,
E  Increasing Q, — Decreasing mandrel contraction
F Max. strength — Solid mandrel / Lightweight — Hollow mandrel
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Summary and Outlook

I Knurled surfaces: Effective form-fit concept for
lightweight frame structures

I Joint strength exceeded strength of the weakest
joining partner

I Additional investigations on

- strength under dynamic loading
- torsional joint strength
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Thank you for your attention

This presentation is based on investigations of the Collaborative Research Center
SFB/TR10 subproject A10 which is kindly supported by the German Research
Foundation (DFG).
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