Optimised shearing of stainless steel tubing

By Jeff Pierson, Thermatool Corp, USA

Introduction

Today's tube producers are under global pressure by the end user
to improve quality and performance while reducing cost. The use
of high frequency welded stainless steel tubing has continued to
increase in the decorative, structural, process and automotive
markets. High frequency welded stainless steel tubing is the product
of choice in Europe when compared to laser or TIG welded tubing
and is gaining ground in other regions of the world.

Significant improvements in the manufacturing processes (forming,
welding, cutting, and inspection) have contributed to the gain in
popularity of welded stainless tubing. Common applications for
stainless steel tubing include furniture components, decorative
structures, automotive exhaust systems, and appliances such as
vacuum cleaner components.

Industries such as the automotive segment are increasing demands
on stainless tube producers to reduce the weight of components for
fuel efficiency, as well as increase the strength and life expectancy
of components for safety. Common forms of stainless steel being
produced to meet these increasing demands are ferritic stainless
steel 409, aluminised 409, 18Cr-Ch, and austenitic, (304,304L and
316) stainless steels.

World leading stainless steel tube manufacturers struggle to achieve
reliable high quality cuts at high mill speeds. If a high mill speed is
achieved, the cut-off tooling life is often shortened to a point where
the increased welding speed is no longer efficient. Recent advances
in double-cut shear technology have enabled producers to improve
on this performance.

A Figure 2: AC dieset accelerator

> Figure 1: Thermatool Alpha Flying Shear

Double-cut shear process

The shear cutting process has been optimised to enable stainless
steel tubing to be cut dimple free with minimal burr, cut to length
accuracy within £1mm with extended blade life. The benefits of
extended blade life capability are many:

¢+ They achieve maximum welding speed utilising HF welding
« Scrap reduction due to fewer mill stoppages
+ Increased return on fixed assets (tube mill)

Flying double-cut shear press advances

The shear cutting process has been refined to accommodate
the increasing demands of ferritic and austenitic stainless
steels. The components vital to the shearing process
include the flying shear press, accelerator, and the dieset
and tooling (see figure 1). The flying shear press capability
is vital for successful shearing of stainless steel tubing. The
flying shear needs to have a very reliable, rigid structure
along with a low inertia drive mechanism that utilises radial
bearings.

Linear press bearings have not exhibited the reliability
demanded by today’s tube mills. The output of a
modern ferritic stainless steel mill can produce over
one million tubes a month when producing at a rate of
100m/min over two shifts a day. In addition, the press
design utilised for stainless steel is longer in length than
traditional presses due to the fact that lower cutting
speeds are needed to reduce the velocity of the cut. The
lower shearing blade velocity results in an optimised cut
and improved tooling life.

When selecting a shear press, careful attention must
be paid to the press ram velocity and control, and press
capacity in order to achieve optimum results.
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Developments in double-cut
dieset technology

F The double-cut dieset utilised for shearing stainless steels
is a high strength, precision unit that results in very reliable
operation (see figure 4). The tooling used to shear the tube
consists of a vertical blade, horizontal scarfing blade and
jaws to clamp the tube.

The advances of the double-cut dieset technology over the

Time (sec)

last 5 years has allowed stainless steel tube producers to
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achieve longer service intervals between maintenance,

> Figure 3: Velocity profile for one shear cut cycle

The AC dieset accelerator (see figure 2) utilised on a cut to length
flying cutoff needs to incorporate a low inertia motor coupled with a
low backlash rack and pinion. Cut to length accuracy is dependant
on synchronisation of the accelerator dieset velocity, position control
and press actuation with the tube velocity. This process results in a
tube cut to length within an accuracy of +1mm.

Timing is everything: the shear cut cycle

The shearing cycle depicted in figure 3 describes the events that
take place to complete one cut. The cycle shown in this figure is for
a complete cycle time of 1.5 seconds. The cut process initiates with
the double-cut dieset in the home position (A). The system motion
controller sends a velocity signal proportional to the tube speed
to the dieset accelerator motor drive which sends a signal to the
dieset accelerator motor (B). Upon reaching the speed of the tube,
the dieset position is adjusted via input to the controller from the
dieset position encoder (C).

The mechanical press ram is actuated downward via energy
transferred by a flywheel and hydraulic clutch. The tube is double
cut with the dieset (D). Upon completion of the cut, the press ram
returns to the ‘top dead centre position’ a confirmation signal is sent
to the system controller via a position encoder (E). The system
controller then completes the cycle by commanding the dieset
accelerator to return to the home position and get ready for the next
tube to be cut.

Precision control of the press ram during the cut cycle allows for
maximum blade life.

A Figure 4: Double-cut dieset

improved tooling life as well as more consistent cut quality.

Real world feedback from tube producers combined with

three dimensional solid modeling and finite element analysis
(FEA) techniques (see figure 5) has contributed significantly to the
optimisation of the double-cut dieset.

Mises Stress

> Figure 5a (above) and 5b
(right): Finite element analysis
of double-cut dieset tooling

The double-cut dieset design advances
ensure components gradually wear out
with use and will not fail prematurely due
to fatigue or fracture. The double-cut diesets
are subjected to vertical cutting forces in excess
of 667,500N and horizontal cutting forces
greater than 31,150N. Instrumentation results and
FEA have enabled optimal tooling designs to be
developed. In particular, focus has been applied to the horizontal
cross cut motion and blade life.

Performance improvements over 400 per cent have been achieved
by:

* Improving stiffness, reducing vibration
* Introducing a rack and pinion mechanism to improve cut velocities
* Blade geometry and material was changed to easily repeat set-up

Optimising the shear cut cycle

The shear cutting cycle for stainless steel tube is greatly improved
with the development of variable shear velocity capabilities,
shearing blade materials and geometry. The cut quality of stainless
tubing is greatly enhanced when the velocity of the shearing blade
is reduced.

Optimum ram speeds for ferritic stainless steels are half those
required for shearing conventional carbon steel and even slower for
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