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I. INTRODUCTION IV. INTERFERENCE-FIT JOINING BY EMF | 1V. MANUFACTURING AND V. RESULTS
Electromagnetic joining of tubular profiles with high electrical Interference-fit joints are based on the elasto-plastic interference TESTING OF JOINTS
conductivity 1s an effective and affordable alternative to conventional | between joining parts. The mechanical parameters are the Field Shaper Characterization Field Shaper Effective Axial Length I’ Mandrel Surface Roughness
joining processes based on mechanical fixtures, strcutural adesives, welding | | remaining residual stress on the mandrel, the joining area and its Tube and Mandrel Prevaration
and mechanical crimping 1n presses with die/punch tools. This technology | | shape, and the interfacial friction coefficient between tube and AAG0RY-O  tub P ined
works at room temperature, allows joining dissimilar materials and offers | | mandrel. drel i q ufZSISI“l]e(})TS {&)1161320820(1)1 a) 300 - e | I - - —Range of tube tensile strength o -
potential to foster new applications in the assembly of lightweigth tubular |\ The mechanical parameters are related in a very complex way g:l‘czin 1;;2868;;&2_%2 with difforent surface i 0 r @fg (;O W I :himm ,,»-"Fi...--—-,:‘?; e ! 85 '©° 4 o e 7 o ot
frame structures and recently in superconductivity applications.This work | with electromagnetic compression process parameters, starting roughness 2 Pz R 7 W Wbl ™ | '\% | 1 6 =0 O
investigates the main parameters influencing the joint strenght. with the discharge energy and the magnetic pressure pulse that - ot diameter of the tuh S oo w144 -- Z o . -8 Range of tube tensile strength _ o
; : D e r diameter = ;L . R
triggers the forming process, the initial gap between the joining | | ei oulse ¢ .ehe 0 11 eh. U11{ y Wasf > / Ae,=1.33 o S/ \ Jomt fatlure type:  Field =
: qual to 1> mm with a wall thickness o > o o L[H S 5 - o 11—8 mm I II III shaper: 5
I1. OBJECTIVES parts, the material components and geometry, the shape and || {7 5 150 v S E S — e 3 4 & A0
' 7 " — ) S/ | 3 - Tube: :
Investigate the interference-fit jomning of tubes by electromagnetic surface rf)ughness of the mandrel. The Initial gap between tube and madrel S 100 A . ,l,:igzmnrlnm z ¢ 3 A A A /=12 mm 5 & Drseiigs Eneigs .5 k)
forming in terms of major process parameters with the aim of identifying Regarding the EMF parameters: ranged from 0.025 up to 1.5 mm and || ;/K/ s =16 mm z 3 /=16 mm I Field shaper: /=16 mm
thgzlr .mﬂuence on the overall strength of the joints and .estabhsh design - the 1interference stress on the contact interface 1s also nominal joint axial lengths varied in 8, 12 50 - ;ff’ Dt GraimEls 1 S & Mandrel: Gap:  Joint Failure type:
principles and the useful range of process operating conditions. dependent on the 1impact velocity and mass of the tube being and 16 mm. ! Tube: AA6082-O Q I I 1
compressed; 0 | | | | | | 1/ Mandrel: AA6082-O with 1 & AISI'1045 ay~0.4mm & <& <
o « : : 0 03 06 095 12 15 W Rz=2.27440.162 pm AA6082-0 a/~0.5mm ® O O
- the 1nitial gap represents the available distance for the tube Discharge energy (kJ) 0 l l . . l l l . 0
I11. JOINING BY ELECTROMAGNETIC FORMING undergoing acceleration and deceleration, exerting a crucial EMEF System | | 0 02 04 06 08 1 12 14 16 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
The J oining by electromagnetic fOI’IIliIlg (EMF) 1S a hlgh speed influence on the joint strength; EMF machme: Poytmg GmbH Radial gap a, (mm) Mandrel surface roughness parameter Rz (um)
manufacturing process which uses the energy density of a transient - 1ncreasing the capacitor charging energy increases the SMUISOfO{Jg kJWIth (=60 pF and max.
magnetic field in order to apply a magnetic pressure and radially compress magnetic pressure pulse and the constriction speed of the tube | | CHCIEY O1 1.0 KJ. . . o : P
metallic tubes with high electrical conductivity against a mandrel. wall, so it is important to balance the ratio between the energy 1. p oG s G TR 40-12/30 Discharge Energy an%é,’/f;,{llgIZSGap Between Joining Mandrel Material Condition
The EMF system consists of a capacitive pulse power generator, an pulse and the 1nitial gap in a way that the tube impact velocity - POYIUNE '
exchangeable tool coil and the parts to be joined, Fig 1. In general, a tool reaches the largest value as possible. Field shapers: in-house manufactured ; NN g TN g ___ I )
named field shaper is added to the setup in order to shape and concentrate ' ' _fit ioints i ' ' . 7 m o - ~ . . - -
h Ic 1 1lod 111 f E b P The mechanical strength of the interference-fit joints 1s assessed | | made from electorlytic copper featuring | ¢ < Range of tube tensile strength 1 Occurrence of impact welded joint with field shaper of /= 8mm, a | S i I S }ﬂ”’gﬁ@”b_e tensile strenght v_
the magnetic Tield to a specific area ot the tube. through pull-out test (a tensile load test) and the maximum load | | one axial slot of 0.2 mm width and with 6 S oT T fischaree enerev caual to 1.3 kI and an initial ean af-= 0.75mm 6 —
for which the joint fails is called the pull-out force. Literature | effective axial lengths /' of 8, 12 and 16 > © S T iy Joint Failure type: S s ¢4 o SR S _13 ST z . 60890 MERGIEI SOl SN BpS
reports three characteristics types of force vs. displacement in | | mm. S5 i h | I I ry B B, b ACOS2-O
b) pull-out tests of interference-fit joints between metalic tubes and S 4 A4s MR RN 5 4 P : '2 N
mandrels: = ) 2 5 A '
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. ., < - type I with maximum rigidity and pull-out force equal to the | | Materials and Joints Characterization 2> i B h Tube: AAGORY-O _ = 3 \ ~§\\ Tube: AAGOS2-O
< 150 /N — 25 = own tube rupture; Tensile load tests performed with a £/ 0.7kJ Lots \ Mandrel: — W d DR A PN Mandrels surtace _rfglggiﬁss‘
\2-/ / \\ - 15 % - type II with variable rigidity and pull—out force with tube Gump WP3QO (20 kN) and a LCH-OZO . \@ Rzzgsl%lzojslvggg m ngrirw , ?Ve‘jve o g - ° N Discharge energy:1.3 kJ
=100 = rupture; United Digital Speedy Tester Machine 1 Field shaper: /=16 ;Lnl [ MW“ RRRAN Man drel\. " o 1000x A Field shaper: /'=8 mm
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7 / \ > - type 111 with lowest rigidity and pull-out force with complete (89 kN). The pull-out force was measured 0 . 0 . . . . . . . l )
& 50 5 2 separation between tube and mandrel and compared against the strength of the 0 02 04 06 08 1 12 14 16 18 2 22 24 0 02 04 06 08 1 12 14 16 18
A \\ = ' aluminium AA6082-0 tube as reference. Radial gap a, (mm) Radial gap a, (mm)
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Mandrel e (us) 7 - MECHANICAL PROPERTIES OF THE V1. CONCLUSIONS
1me S . . e . . . . . . . .
: 6 - SELECTED MATERIALS The strength of interference-fit joining AA6082-0 tubes produced by EMF was studied considering the influence of process parameters. The process main parameters were analyzed in a gradual manner, regarding the
g Material Yield Young initial gap between joining tube and mandrel, the discharge energy, the field shaper effective axial length and mandrel material and surface conditions.
1 | » 7’ , S ) Strength  Modulus Results demonstrate that the joint strength and failure characteristics are strongly influenced by the aforementioned parameters. As new contribution, it was presented that the joint strength can be improved by altering
P (t ) = u| 1 (t ) [CH] = (MPa) (GPa) other process parameters like the mandrel surface roughness and the field shaper effective axial length (concentration factor) while keeping constant a specific initial gap value and the discharge energy level constant, as
2L _ % 31 AAG082-0 127 70 demonstrated for the case of AA6082-0O tubes joints with mandrels made of AISI 1045. For the case of joints with AA6082-T6 mandrels the highest joint strength was achieved by using the field shaper of an effective
avE AAGORD-TH 110 70 axial length equal to 8 mm, which was able to produce an impact welded joint.
_B B 1 | For future works it 1s suggested to extend the parameter analysis considering other materials and measurement of the tube constriction velocity, its correlation with the pressure pulse and how 1t influences on the overall
Cy = (az )/ (al ) 0 typel || typell | |type Il AISI 1045 560 205 joint quality and strength.
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