Good Connections

The combination of a rigid machine tool and strong spindle
connection is ideal for cutting titanium.

By Scott Walker, Mitsui Seiki (U.S.A.) Inc., and Mark Huston, Kennametal Inc.

hen sourcing capital equipment
for machining specialty materi-

als, many shops would do well
to consider the 10-speed bicycle analogy.
People shop for and buy a 10-speed bike
for recreation or exercise, but when rid-
ng it I.‘:I.I'ﬂj" go b!.':h'\ﬂm.'l two or three of
the most comfortable gears. Elite riders,
on the other hand, both size and operate
all cheir components (such as the frame,
pedals, shifters and wheels) to maxi-
mize their equipment, whether climbing
mountains or racing in the fats,
Machining high-strength, high-tem-
perature alloys, such as titanium, is chal-
|el1ginf;. Machine tool builders have
rnpwuini with stiffer r'n.i!lil‘q';';I and turmn-
ing centers, damping spindles and siz-
able machine structures and motors, all
to provide the significant horsepower,
torque and thrust forces required while
minimizing undesirable vibrations thar
lower part quality and 1ool life.
Achicving the ultimate system to pre-
cisely machine titanium at maximum
metal-removal rates (mre) requires close
arention to the machine tool, the wool/
workpicce interface and the spindle con-
nection—the "handshake™ between the
machine ool and the toolholder.

Tool Test Team

In April 2012, machine tool builder
Miesui Seiki (U.S.A.) Inc., Franklin
Lakes, M.]., reamed with toolmaker Ken-
nametal Inc., Latrobe, Pa., 1o conduce
cutting tests on a TiGAISV workpicce
using a Mitsui Seiki HPX63 CNC hor-
izontal machining center equipped with
four Kennametal curtting rooks, each using
the KM4X100 spindle connection,

Key design criteria for the HPX63 that
allow it to machine tiranium incude a
large work capacity with a swing diam-
Cer up tw 1.050mm, an available work
heighe (Y-axis) up to 1,050mm, an X-axis
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The TiBAISV machining tests using a Mitsui Seiki HPX63 CNC HMC equipped with four
Kennametal culting tools, ¢ach using the KMAX100 spindle connection, involved severe
interrupted cutting. As shown here, that included drilling a flat-bottom hole, rotating the
workplece 45° and then drilling another flat-bottom hole through the edge of the first hole.

stroke of 1,000mm and a 900mm suroke
in the Z-axis, The pallet is 630mm. The
B-axis rotary wable offers 12 rpm with
high-torque, high-acceleration availabil-
ity. Rapid travel rares are 32 m/min. with
0.5G acceleration/deceleration, and the
cutting feed rare is 12 m/min.

Made for ultraprecision work, the
HPX63's castings are metallurgically
configured for a high level of stiffness,
whilc its box way axis slides are hardened,
ground and hand-scraped. Positioning
accuracy and repeatability is 0.001mm.

The Mitsui spidle auromarically

compensates for thermal changes and
does not require a warm-up periocd. The
builder offers several spindle options to
meet user needs for direct or gear drives
and the amount of torque and spindle
speed required.

Overall, the ruggedness, rigidity and
precision of the HPX63 make it ideal for
nuchining titanium, as well as Inconel,
tool steel, stainless steel and aluminum.

The Spindle Connection
A spindle connecrion that makes
the best possible urilizaion of available
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machine power by effidently transferring that power to the
tool is key to achieving an optimal ttanium machining sys-
tem. With traditional toolholders, thar can be difficult o ac-
complish in certain applications.

Meost toolholders are solid, such as CAT, BT and DV
stvles. Face-contact versions of those holder styles are also solid.
Most spindles used with these roolholders have a relatively
low clamping force. This is because with a traditional steep-
taper spindle, the drawbar and spindle provide the only force
to clamp a rool, and a spring pack pulling that drawbar pro-
vides that force.

Therefore, connection stiffness is limited, as radial interfer-
ence must be kept to a minimum. The tolerances required ro
achieve consistent face contact are thus very tight, which in-
creases manufacturing costs. Hollow-shank toolholders. such
as HSK, also fall short on clamping force and bending resis-
tance because of their clamping design and lack of interference
fit within the spindle.

The KM4X100 spindle connection from Kennameral
represents an alternative technology for complex machining
applications. Although some traditional systems might be
capable of withstanding a considerable amount of worque, the
curting forces generate bending moments thar rypically ex-
ceed the twolholder/spindle interface’s limies before reaching
the torque limits. In contrast, KM4X100 provides three-sur-
face contact for improved stabiliry, with optimized distribution
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of the clamping force and interference fir, delivering three times
the bending moment resistance v<. other roolholding systems.

In the test curs, the HPX63 was equipped with a high-
torque, high-power spindle with a maximum 26kW of power
and 1,081 Nm of torque, The KM4X100 spindle connection
generated 90 kN of damping force, more than twice that of
an HSK100 and three times that of a BT'50 (40 kN and 25
kN, respectively).
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The cutting tocls employed in the TiIBAI4Y machining tests were
(left to right) a 203.2mm-dia. facemill tooled with seven sguare
indexable inserts; a 203.2men-dia, facemill with eight round inserts:
8 76.21mm-dia.. 228.6mm-long HARYI Ultra cutter with five helical
rows of 11 inserts each; and a 125mm-dia., flat-bottom indexable
drill with six Indexable inserts.

Tools Put to the Test
The four different cutting tools employed in the tests were
a 203.2mm-dia. facemill tooled with seven square indexable

y
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inserts; the same diamerter facemill with
ciglu round inserts: a 76.21 mm-dia.,
228.6mm-long HARVI (Helical, Axial
Rake, Variable, Indexable) Ultra cus-
ter with five helical rows of 11 in-
serts each; and a flat-borrom indexable
(FBI) 125mm-dia. drill with six index-
able inserts.

As a result of the power of the ma-
chine tool and spindle and the enhanced
clamping force of the KM4X100 spindle
connection, the test resules were strong
acrass the board.

For example, the HARVI Ultra tool,
cutting in the X-axis and Y-axis directions
simultancously, ropped a 309-cm*/min.
mirr at a spindle speed of 171 rpm, a feed
rate of 101.6 mm/min., a 40mm DOC
and a 76.21mm WOC,

The FBI drill made a fla-bottomed
125mm-dia. hole in the titanium work-
piece at a 102-rpm spindle speed, 2 10.2-
mm/min. feed and a 125.2-cm*/min.
mrx. The workpicce then was rotated 45
from the spindle 1o drill an angled hole
that pushed through the edge of the first
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hole. In spite of the heavy, interrupred
cuts, bath the machine tool and drill per-
Formed well.

The HPX63 is able to reach from
onc-and-a-half to two times the mrr of
general-purpose machine tools when
machining titanium. The KM4X100
spindle connection also provides more-
than-adequare rigidity, bending moment
resistance and torque capacity ro take ad-
vantage of the higher spindle speeds and
torque offered by the HPX63 machine
ool and spindle. As a result, the com-
bination optimizes the productivity po-
tential and cutting performance of the
machine rool.

Moreover, a KM4X100 spindle con-
nection will reach performance levels of
an H5K125, while rendering the more
costly requirements of a larger-footprint
machine unnecessary, induding the larger
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spindle, roolchanger arm, tool magazine
and other accessorics.

Sizing the right machine tool with the
right tooling helps optimize the produc-
tivity of the entire metalcutting system.
The KM4X100 spindle connection is ca-
pable of performing up 1o the machine
tool's full potential, which drives the most
out of the cutting edge, making milling,
drilling and even rurning more produc-
tive and cost-effective. CTE

About the Authors:
Scolt Walker [lep) is
president of Mitsui Seiki
{U.5.A ] Inc, Franklin
Lakes, N_J_ and Mark
Huston is vice president,
global engincered
solutions for Kennamelal
Inc., Latrobe, Pa. For
move information about
Mitswl Seiki call (201)
337-1300 or visit veww.,
mitsuisedd.com. For
more Information aboud
Kennametal, call (800]
#45-T738 or visit waw kennametal.com,

SWiftCARB
SWIFTCARS.COM
(B00)227-98T6

d Engagement ' p:tin limit
greating more consistent tool loads,
d gready increasing the MRR.

b

PATENT PENDING CENTER COOLANT HOLE
GIVES FLAWLESS CHIF EVACUATION AND
SKYRODCKLETS TOOL Like

reater amgles than an end mill,
vee Unparalleled Resudes in Controlled



