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Simulation of a Staked Fastener

Process Development:

The Fabristeel Corporation of Taylor, Michigan used computer simulation to

develop their self-piercing mechanically staked fasteners for sheet metal parts.

The patented drawform stud was fully developed using simulation.  The develop-

ment process included cold forming the stud, an installation process and a

pullout test.  The entire manufacturing process was developed with the aid of

process simulation.  Based on damage values in the sheet, the original design

was modified to prevent fracture in the panel.

Complex Forming

Operations:

The development of complex

forming processes such as self-

penetrating fasteners, staked studs

and rivets involve complexities over

and above traditional forming

operations.  In these applications,

the interactions among multiple

plastic deforming bodies need to be

considered.  Unlike forming with

hard dies, the forming surface for

any object is a ‘moving target’.

Another consideration is that the

installation is influenced by plastic

strain (work hardening) induced

during cold forming operations.

Therefore, it isn’t practical to

perform installation trials with

machined blanks.

The above photos show a ‘front’ and ‘back’ view of the actual installed stud.

A simulation of the cold forming process on a 4-blow header predicted the

progression shown above.  The contours of plastic strain (red is higher)

developed in the cold forming sequence are shown on the workpiece.
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Pullout loads are one of the accep-

tance criteria for this type of part.

A failed pullout test requires the

designers to go back to the draw-

ing board.  The pullout loads

predicted by DEFORM were within

5% of experimental values.  Such

accuracy was not possible without

capturing the strain from the cold

forming process.

By comparison, an installation and

pull test were simulated on a part

with no prior strain.  This replicated

physical testing of a machined

stud.  Simulation results indicated a

different uninstalled stud shape and

a 15% reduction in joint strength.

This supported the stance that

machined prototypes were not a

suitable replacement for cold

formed parts in performance

testing.

Mechanical joining simulations

such as this are not possible

without the ability to model multiple

deforming objects in a very com-

plex forming operation.  DEFORM

is routinely used to model such

phenomena.

 After the forming and installation is completed, the pull test is simulated.

This figure shows the process as the stud is being pulled out of the plate.

The above figures show the start (left) and end (right) of the installation process.

Both the stud and sheet metal plastically deformed during the installation.

A simulation without the plastic strain

depicted a different geometry, which is

shown by the red outline.

Approximately 15% less joint strength was

observed in a stud without the plastic

strain from forming.
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The cold forming process for the stud, consisting of four operations, is shown above.

The accumulation of strain (work hardening) throughout the fastener is clearly

shown by the color contour (red is higher).  Large and small cold forming

manufacturers run simulations like this on a regular basis.

“Virtual” installation and performance testing of fasteners can also be

accomplished through DEFORM.  The self-piercing action of the drawform stud

can be seen in the animation shown above.  The strength of the installation

is then determined through a pull test.










