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Cutting tool geometry considerations when micromachining.
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Micromachining can pe
formed using o variety of
manufacwring technologies,
including EDMing and lnser
culting, With chip-producing
operatrans, such os drllimg
ind endmal Ing, the micro
tools applied cut the fimy
3aims within about a |-cu.-in
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the realm of macnaools stops
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Depending on ils size, 8 microdon
might only cut properly when un-
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cutting forces. A light edge preparation
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thien LU in dhameter, *“Then, o ool
ing 1% going Lo inhibat the abalaty of the
drill, becuuse it's taking up too msch
fute spece.” he said. “You fll up the
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et of coatings, regarding them
as extending microtool hife, not caas-
ing loss of edge sharpness. *“There's
a misconception that when yvou add o
coating vou lose that upsharp edge and
wind MNika Adex,
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macromichinmg wiorld,
b similar 1o drilhng a |
ab an incredibly slow spandle speed
Ard feed mutes can be off quate o bat
when creating larger holes, but o large
winidow doesn't exist when microma-
chining in order o avoid breaking o

el womld

“eghigi. hicele

whulling the ood,

End users somelimes Iy 1o over-
come their machines' low apindle
xprn:u;] h-:.' ._Lppl}"ing a il wath thrce or
mere flutes, That 15 OF for achicving
the desired feed rate. “but 11 dogsn
provide you with adeguate chip room
b remnovie the chips while machining,”
Diatron Dynamic's Schnecker said.

He added that by increasing the
np:lﬂul[.,' '\-Flll'-l,lli,
prexluce o greaster chap boad.
gle-flute endmalls crepte a huge clhap
lood that allows ws o n,:,,ull} r'I||||_|:_ thie
chip out of the channel,”

'h.m‘l.:ln:- flute 1ools
“Char sin-

Schnecker

The chip is the enemy
of such small tools” He

111

added while single-flute
tools are the most ef-
ficbent in terms of chip
evacuation, they somc-
Lmes cul @ hittle .'IIIIFlI
compared o mualtiple-
flute foods.

When dnlling, coeol-
ant can be effective for |

cvacuating chips, bui
coolant works best when it's able o
reach down 10 the bottom of the hole 1o
flush chips out, To promdote this, ot beast
o ¢ouple (oolmakers offer through-
colunt mcrockrlls, One 15 Mitsubishi
Bluterials
ric sizes from Imm to 3mm ad isch
sizes from 0U0394" o O, 12007, Cur
rently, the microdrlls are able 1o dnll
hiodes up 1o 5 diameters deep. and, Aldex
noted, the company plans to intro-
duce drills that go |0 dinmeters decp

. which makes them n et

A5 power Transmissssn
systen became smaller,
the mechansms that

pwer (hem and
tranifer that power
inta another farm
shirink in size, such
&% this propeller and
gear produced using
micromachining

technbques.

within a few months
For deep-hole drilling,
“we have a wavy cuthing edge de
sign and special flute geometry
to promote smooth chip evacustion,”
he snid.
However, o through-coolant micro
drill should be used in conjunction with
o pilot dall, Alex recommends creating
u slarter hole | diameter 1o 3 dnmeters
|_||:|.=|'| whth a !'HI-.-I drll 1o |'|I.'Ir| will
hole lecabion and prevent ]"r{::lL.l:_'_l."
of the maim drill
interance permits, the pilod dnll shoubd

Ideally, if hale

s
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(ool geometries

be slightly larger than the throsgh-
coalant drill. Fer example, the pilot
drill should be 1, lmm when followed
by o Iy drall

“That way, you reduce the prema-
ture wear on the outer margin of the
dnll” Alex snid.

In additeon, if a through-coolant dnll
has a 1407 incloded angle on its poind,
the pilot drill meeds 1o have an included
angle of 1407 or greater. Using a pilot
drll with a smaller angle might cawse
the main drll @ hit ase of 18 coe-
ners upon entry, |||.|1si:1ih|1i||]:'_ syl Difi,
holbe-location accurney and diamenical
"\-'.ilh.illl:"\-'.

Another manufacturer of through-
coolant microdrills is Mikron Corp.
Monre (Conn. ). The diameter range is
Frovmn (AR g L1787, o incremenis
of VOO, amnd the long version 1s
ahle 1o drll holes up 1o 15 diameters
deep with minimal pecking. Mikron

This gripper part demoanstrated how EIGERIab’s
tabletop microfactory is capable of machaning.
inspecting. assembling and welding.

also makes a line of drlls for centering
anel piled drilling in one step

Mikron recommends using a cul-
ting oitl s o lubreant Tor bes resalis,
and, as alternotives, witer-bagesd cool-
ant with extreme-pressure additives or
minimum-guantity fubrication. T our
R&D lab, we wse oil with a viscosity
that allows us o do anything we wamn
with a 2-micron filier before the pump

BALINIT *HELICA PVD Coating ————
gives your drills that extra twist |

and n few thousand psi,” said
Robert Couture, monoger of
technical sales for Mikron, A
lot of people don't have that,

=0 they use coalant,”

Under Pressure

Althoagh Mitsubishi Ma-
terials states that the cool-
anl filter wsed must be able
to caplure particles smaller
than Spm io prevent blockage
of coalant-through pisuages
Couture dogsn't view plug
ging of passnges bl oot
dehris as the primany concern. ™'We e
not afraid we're going to clog the hale
with shudge,” he said, bt if one of the
chips doesn't get flushed oot and gets
stk in ome of those two linle hobes,
thot's whal we worry ahoul. S0 pres
sure is important.”

He added tho the smaller the dnll,
the more critical the pressure is
However, Mikron doesn’t recommend a

balzers.
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(ool geometries

minimum coelant pressure, “"ve been
successful with a | Smm drill going 15
diameters aEep 1A towp] steels and mold
sleels wilh iuwl 3500 [ bt that was
with water-soluble coolant, not al”
Lodbiare sancd. T here 15 i bag chifference
in their vis¢osities, &0 unbess | had an
oil with real-pood viscosity, that might
nod have tumed out so well”

Even on low-pressure machines,
Mikron zays ks internal-cooling sys
tem provides optimal coaling and lu
brication af ibe cutting edge. This is
mudedd by the shank s Powerchamber fog
thrx ||,.|-__'|'| cosilmnd drills up Lo [LOERA™ m
diameter, According o company liern
ture, the Fowerchamber guaraniecs o
sufficiently large flow of coolant even
at bow pressure by ensuring that there
is always some coolant in the chamber,
which is behind the coolant passage.

Muzubishi Maternals, on the other
hand, recommends o minimum pres-
sure, which needs 1o be dehivered Irom
i pn~||::'.-:_'--.lixp|;|n'-:':|1..'|'|-I:n.'p-.' coolant
pump. “You have to have a minamum
of 60 psi of coolant to evacuate the
chips,” Alex said, "I you can deliver
mare than G0 psi, that would be to
your benefit,”

As an altermative to through-the-
tixol cutting ol and waler-based comal-
ant, Datron Lypnamigcs Schnccker
suggesis ethanol., Ethapol 15 o [orm
ol alcohol that occurs niturally
the sugar lermentation process and
exhibits a lower-than-water visoos-
ity, which enables it to pencirate the

Quote and order solid carbia
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Small machines for small-parts production

when micramachining work-
pleces within 2 1-ow-in. work
zone, the level of accuracy required
increates proportionally compared to
macromachining,

“If & L-cu.-meter maching can hold
a tolerance of 0.0001", then a machine
that 1s, sy, 1/100th smaller, should be
able to hold 0.00001°," sawd Kamwar J.
Singh, principal investigator for NIST
ATP at Ingersoll Machine Tools,

A Sl milling machine used for
application ressarch at EIGERLab that's
capable of preducing mintature parts
with complicated features, such as
camtours and underuts,

He acded that if you nesd to maie
small parts, you need small machine
tools, “It's not that you can't [micrema-
chime] on larger machines, but you will
not achkeve the reguired accuragy.”

But @ machine for micromachining
ant simply a scaled-down vershon of

woliworkpiece interface betler than
olher coolunts. The ethanol is deliv-
ered via o spray-mist system, and etha-

a larger machine. Some components
need to be aliminated, such sz collst
chiicks, so that tool runout < kept to
arn aboolute minimum.

Ml!ldugh ﬂlin:.lﬂlh&r!hin'ing cantibrs
are commarcially available, EIGERIab
built its own S-auis milling machine,
duplbicating a design developed by the
Umiversity of Illinois at Urbana-Cham-
paign. “They designed it as a test bed
and we're doing application reveanch
with it,” safd Drew Witte, ressarch en-
gineer for Alion Sclence and Technaloy,
Rockfard, It (Allon fs an EIGERLab
partrer )

He noted that the machme has a
160,000-rpm preumatic spindle, a
J0mm x 30mm x I0mm work zone, a
microscope to monitor and inspect
tool condition, and an encoder resolu-
tion, or positioning accuracy of the
linzar stages, of 20 nanometers, The
workpiece §s positioned on an X- and
¥-aods table and a rotary table, and the
spindle 15 on a B-axis stage, "Both the
warkpsece and tool move 10 and out,”
Witke said.

The micromachining research center
is looking to add a laser-based tool-
manitoring system. “Eventually, the
qoal ks to commercialize a machine like
thils,” Witte said,

—A, Brehifer

ncl s lowy evaporution poind makes it un
efficient cooling and lubricating aeent
for machining at speeds up to G000
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Solution: Customized solid corbide sub-miniolure
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OGS diam v 040" LOC = 1 =1/2" 0AL w.neck
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25 pleces @ $28.65 » 9 business day delivery
Blueprint provided upen guolation in real ime

Imiforemaiion Services #1108




rpm or higher, “Flood coclant some-
times instills tronsfer energy, warmth
and heat inio the pan and conses ther-
mal growth of the pan,” Schnecker

sabd, “Wie never have thad problem with
ethaned, because the pan comes off the
machine ice cold.”

Cerilll pepiint glnrﬂl-trll-; Frm I-h tu-dghrl;, fvur Mikron's
CrazyDrill Stesl, CrazyDrill Alu and FilotDrll The throwgh-
coolant CraryDrill Cool drill (top) s able to dell up 1o 15

diamaters deap,

Because ethanae] simply evaporites.
the costs associated with disposal
are eliminated. Also, ethanol does
mot beave any mesidue on parts, (hus
climins#ing any secondary degreasing
operalions.

However, cthamol should anly be
paed when machining nonlerrous
midersads, “The reason wh_'!.' wir don't

Far more information,
visit “Archived Articles”
at WL CLEmag.com ll'bﬂ
enter the keyword
“micromachining.”

recommend ethancl for fermows ma-
terials 13 that steel-based maoterials
have a endency to spurk,” Schnecker
snid, “Flood coolant extinguishes those
sparks while the ethanoel would create a
very volatile scenario”

However, like the macro workd, ap
r'lf"'i"'l: a |1|-\_'L:||'.!.-.r:ki||.t: fluid isn' al
WiYs meeded when |11'.|.'n'||11i|r.'|'|1|11|1¥
EIGERIny microma-
chines dry “becauss
we don’t like the
mess factor,” Me-
Dunn smid. Although
coolant can mid .._'-|'||.|'_|
evacuation, elimin-
gl may aob be det.
remmsenlnl in conmmee-
fion with removing
heat from the tool!
N | workpiece interface

3 McDunn noted that
the tool tip is exposed
lo & certain amount
of heal, Bbut the et
Hissipates guickly
“The muss of the machine 15 swch that
the thermal effects we run into in the
macrd world son of get scaled ot in
the micre world.”

Regardless of therr differences, all
these interyicwed for this anicle agres
ithal mcromachining s ecoming more
comimon, Nonetheless, 1115 o niche, but
e thid can x'ul|1pl|,:|rn.:||1 the mscro-
machiming—and even nanomachin-
ing—worlds

“The fuiure 5 going 1o be about
flexibility and the ability o integrote
with changes in the menufaciuring
indhusiry that are happening right now,”

Schnecker sapd, |'.'~'l.
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