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Abstract
The applicability and productivity of hydroforming process can be increased by combining pre~- and post-forming

processes such as the bending, piercing and embedding process. For the fabrication of automotive parts, the hollow bodies

with connecting nuts are widely used to connect parts together. Hollow body with connecting nuts has been

conventionally fabricated by welding nuts or screwing in autobody screws. It requires multiple steps and devices for the

welding and/or screwing . Therefore in this study, hydro-embedding process that combines the hydraulic embedding of

connecting element(nut) with hydroforming process is investigated. Studies on the hydro-embedding technology have

been performed to optimize the shape of the connecting element by analyzing the deformed mode of the embedded tube.

The effects of the shape of the screw tip, screw thread and shape of thread on the connection force between the tube and

the connecting element have been investigated to optimize the shape of connecting element. Finite element analysis has

also been performed to provide deformation behaviors of the tube surrounding a hole produced by hydro-embedding.
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Fig. 1 Schematic drawing of hydroe-embedding process

—— connection
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Fig. 2 Flange formation during hydro-embedding
process

Table 1 Process condition of FE analysis

Contents Conditions
Punch velocity 50mm/sec
Material STKM11A
Elements size 0.02mm
Nodes 15736
Punch displacement 15mm
Iteration method Newton-Rapson
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Fig. 3 The shape of the connecting elements
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Step 60

(c) No.3 (d) No. 4
Fig. 4 Deformation mode of the hydro-embedding

(d) No. 4(flange depth : 2.63mm)

Table 2 Relationship between the flange depth and

connection load Fig. 5 Shape of pierced hole during hydre-embedding
connecting flange depth connection simulation
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Fig. 6 Schematic drawing of the hydroforming
machine
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Fig. 7 Schematic drawing of the hydraulic cylinder
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Fig. 8 Connection force measuring device
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Fig. 9 The sequence of the hydro-embedding process
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Fig.10 The loading path (a) pressure-time curve (b)
feeding amount-time curve

2.3 SPOIE2 Ut HHAH
2 ao Ag8 A3 FAE I BA
AYUE FAHET AANGD RGN

Fol XA F)ell wt& 4F F
371 sl frEraAsAe ARE 722§
Fig. 30 Bl 471A] 49 AHe4E58 4
2831 3o THY HAY FHE
oﬂ;‘qa];?—_ 3+ o}, —3}0]1:; AdH|d el ZH
£ Fig. 9 o Vel on thgo A4S T8 A
2¢ A
© #e 42

ANA 29

el vl AZE AZ8AE F

760 [BHR MV BEE | /M 143 M9%, 2005

@

Fig.11 (a) Clamped part and (b) the cutting section of
the hydro embedded specimen
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Fig.12 Flange depth and connection load for various
connecting elements
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Table 3 Dimension of connecting elements

Thread shape D | P A
Right-Angled Equilateral | (mm) | (mm) | (°)
A-1 C-1 8 1.2 | 180
A-2 C-2 8 1.2 | 112
A-3 C-3 8 1.5 | 180
A4 C-4 g | s |12
A-5 C-5 8 1.8 | 180
A-6 C-6 8 1.8 | 112
B-1 D-7 9 1.2 | 180
B-2 D-8 9 1.2 | 112
B-3 D-9 9 1.5 | 180
B-4 D-10 9 1.5 | 112
B-5 D-11 9 1.8 | 180
B-6 D-12 9 1.8 | 112

g |

. | |

| |

| |

i i

A4 A4

Fig.13 Terms for shape definition of connecting
element: (a) equilateral triangular thread
shape, (b) right-angled triangular thread
shape
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Table 4 Summary of flange depth and connection load

et | oty | 540
A-1 421 3.11
A2 472 3.29
A-3 4.35 3.04
A-4 4.61 4.02
B-1 435 2.69
B-2 4.55 2.83
B-3 423 2.51
B-4 4.85 3.32
c-1 445 2.48
c-2 4.80 2.89
D-1 452 2.05
D-2 4.82 2.53

* Not connected elements: A,B,C,D-5,6 and C,D-3,4
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