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I Lightweight design by hybrid structures

— New challenges for joining technologies

Multi-Material
Materials in Automotive Structures [ies.lgn
@ A
: Hybrid structures
Magnesium °®
® Hybrid structures
° CRP Hybrid structures
Plastics/ FRP body ~ ™MONOCOGUE A} front-end
Fiber composite ® Steel space frame
[AL space frame ] PY
Aluminum Shell construction

AL
FRP Fiber-reinforced plastics

Aluminum

CRP  Carbon fiber reinforced plastics
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I Classification of form-fit concepts
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Faé- -E‘X

[ torsional ]

M(‘ ]M

[ axial + torsional ]

g

circumferential grooves

grooves in axial direction

- BUHLER / FINCKENSTEIN 1968
- GOLOVASHCHENKO 2001

- PARK ET AL. 2005

- WEDDELING ET AL. 2011

screw thread

- EGUIA ET AL. 2004
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I Classification of form-fit concepts

[ axial | | torsional

7 simple machining

small amount of
v plastic deformation

v increase of axial and
torsional strength

[ axial + torsional ]

M M ¢
ax

cross-knurled surfaces

- EGUIA ET AL. 2004
- PSYK ET AL. 2009
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I Form-fit joining using cross-knurled mandrels |

— EGUIAETAL. 2004 Ns!  SP
« Parametric study (I, t, @, Ec) i ® i q_"Q_’ t
« Tube: EN AW-6061 / Mandrel: 9SMnPb36 ' N
+ Solid mandrels x =
X 2|
— PSYKETAL. 2009 P i
. Feasibility study o | i |IN
« Tube: EN AW-6060 / Mandrel: EN AW-6060 Tube /\ : N
» Tube continuously reinforced with steel wires 2
- Solid mandrels Mandrel/ ' ay

I Remaining questions
— Influence of joint / process parameters in case of identical materials?
— Influence of hollow mandrels on the connection strength?
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Joining by Electromagnetic Forming

I Research objective:

— Parametric study on the influence of:
* knurling length [ « initial gap a,
* knurling pitch ¢, « charging energy E.
— in case of solid and hollow mandrels
— both made of the same material
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LN I = 60 mm Coil (n=10)

|- .|
<

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 connection strength
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Specimen deformation

Tube

displayed
cross section

Mandrel

[ Micrographs ]

xz slice from CT tomogram

B Mandrel

Analysis of the interlocking mechanism

polished
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Mounting £ < SN
resin /B \
‘g :'\ ."
'/‘

~ Tube

" Mandrel

DFG



Sonderforschungsbere

Outline QéTransreglmo

I Introduction
I Joining by Electromagnetic Forming

I Experimental Setup and Procedure

P Results and Discussion

I Summary and Outlook

tLJ technische universitat \‘(IT m TECHNISCHE
UNIVERSITAT
dortmund ‘\g MONCHEN DFG



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, ,
o
(@)

— p—_— P w— E—— s—7300 "

0.5mm |k =1.0 mm |k =1.6 mm  Force-Fit E
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/ e = e LT ‘f50 @)

— - e 1
O [ﬁ ————— y ‘ ? ‘‘‘‘‘‘‘‘‘ T 0
0.5 1.0 1.5 2.0 2.5

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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1.0 —5—= p— S 5—7300
0.9 tk=0.5mm t,=1.0 mm |{x=1.6 mm | Force-Fit
' B alma s
o 2 g . 290
o 08 e E = o =
LLQ. /_,/" - 2 S W —m - ‘\\?
= 0 7 - P /,/ ; - ~. -
x s % <1200
LL 06 f/‘, . K > - N
(@®)) 0 5 /, e - 150
O 04—+~
Iz / 1100
e O 3 /, ,/ C
= S S
B .
- /'/ "_,_—""—O -50
0.1 §7 e
V] e— | | . 0
0 0.5 1.0 1.5 2.0 2.5

Initial gap a, in mm

I tube's yield strength is reached
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Charging energy: E, = 6.0 kJ

Knurling pitch: fx = varied
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Results — Knurling Length
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1.0 > p——— == 300
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0.8 == e 1250
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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
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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
'gv Knurling pitch f 1.0 mm @Jw
g intlal gap a, 0 mm )
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

technische universitat \‘(IT TECHNISCHE
dortrund =\ iy DFG



Sonderforschungsbereich

™ Transregio0

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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