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Introduction

Thermal (beam is used to heat the

m«—:ﬁ'- r|aI up to the point where it is selectively

Vaporized) and non-thermal (utilizes the beam
_ ) cause a chemical reaction)

,**‘Able to drill materials up to 10mm thick at

~ perforation rates that far exceed all other

- manufacturing processes

e Although EBM is capable of producing almost
any programmable hole shape, it is often
applied for high-speed drilling of round holes in
metals, ceramics and plastics of any hardness




' -T e
""‘f—'@i‘?’e J"" '

n of high-speed electrons impinges
work surface whereby the kinetic
SNErc transferred to the work material,
uces intense heating. Depending on
~ — the intensity of the heat thus generated,

=f: =
: the material can melt or vaporize




The sharply focused
electron beam strikes
the material to be drilled
local heating and fusian
ot the surface

Figure 19.1 The four steps that lead to material removal by electron beam dril-

The high power density
of the electron beam
produces a deepening
melal vapour capillary
encircled by molten

matenal

The electron beam has
drilled through the
material being pierced
and penetrales up o

a centain depth into the

auxiliary matenal

As a resull of the high
vapour pressure of the
auxiiary matenal the
moiten part of the

matenal being dnlled s

expelled

ling (Source: courtesy, Messer Griesheim GmbH, Puchheim, W. Ger.).
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Fig. 10.1 Schematic diagram of electron beam machining system.
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L Majereeemponents,of the system

Dortant elementi o_f EBM systemt-j ——

beam gun: Fu ‘s to %enerate, shape and deflect the
beam to drill or machine the workpiece

ptial rrf“l‘]l‘l ts ofithe electron gun are:

| JG - source of the electrons

as -Jd to control the no. of electrons and acts as a switch for
gerwrr 1g pulses
r\node to accelerate the electrons

Magr etic coil that functions as a magnetic lens, repels and shapes
‘the electron beam into a converging beam

e ﬁhgsten diaphragm- removes stray electrons and cools the set-

' ::f .Ilp

- ¢ Rotating slotting disks mounted directly below the gun exit

_ _ —o0pening to protect the EBM gun from metal spatter and vapor
Light microscope- to view the machining area

Three magnetic coils : Magnetic lens, deflection coil and stigmator
that are respectivel used to focus the beam, small amount of
controllable beam deflection and to correct minor beam
aberrations and ensures a round beam at the workpiece




UaiC com_ponents of the S .t--
e -

Hong supplyf- voltages of up to 150kV IS generated to accelerate
e electrons;
Allfpewer supply variables are controlled by a microcomputer

jlerénsure process repeatability, the process variables are
monitored and compared with set-points by the power supply
com r)lJrar ..... If a discrepancy arises, the operator is alerted

B Vacuum system and machining chamber:

o A v acuum chamber is required for EBM and should have a volume
- _..c: ,zat least 1~ to minimize the chance of spatter sticking to the

=
=

~ chamber walls

L —— -
—_-.'

= I‘n5|de the chamber a positioning system is used for the controlled

_,—

- _manipulation of the workpiece

The positioning system may be as simple as a single, motor-
driven rotary axis or as complex as a fully CNC, closed-loop, five-
axis system

| \



Figure 19.2 Computer-controlled multiaxis EBM system (Source: courtesy,
Messer Griesheim GmbH, Puchheim, W. Ger.).







eharacteristies of EBM e

epth of fie|!

igh energy

Important characteristic: hi solution
takis ebtained because ort wavelength o
electrons; - |

F/FJ’rJDFFJJJ’JrJr\/ energy (power densities of '+

achieved)

Ability to ca
compatabll

o For romrll ctive as well as non-conductive materials
= At AIL_E" side of beam, a small burr
J \/\/@;*«e ace material properties do not affect performance
= —_J -Sma -fllameter holes (0.1 to 1.4mm)
~% ‘Aspect ratio = 15:1

~  » No mechanical force and hence fragile, thin, low strength
. components can be easily machined

_® Off-axis holes easily made

® Residual thermal stresses generated on the workpiece due to high
temperature gradient

® \ery high investment cost
e Skilled operator is required
e HAZ

AV




Wpes of vacuum:system. ..

- - J-—b"
High vacuum (HV) _ . =

Medium vacuum (MV)

NoRVacuum, (I ' —
Still'requires a high vacuum in the electron gun, but deliver the

DEAM to a workpiece at atmospheric pressure, thus avoiding non-
prioductive pumpdown cycles completely

gonstiiiction much different from the HV

the beam path from the cathode consists of a series of

. -JHF vidually pumped stages that are all connected by small

= apertures — this construction produces a pressure gradient that
= 1; ﬂ anges from atmospheric pressure to high vacuum

i"‘-’*7!3‘4though NV system can increase productivity dramatically, they
-~ are somewhat limited since the interaction of the electron beam
_— ~with air spreads and diffuses the beam thus lowering the power
density at the workpiece — this results in an increase of the
thermal effects of the process, the effects are still far less than
those of conventional processes

e  Standoff distance between the gun and the workpeice is limited to
a maximum of 19mm

__'-"l"
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Figure 18.9 Construction of EBW-NV assembly (Source: courtesy, Leybold-
Heraeus Vacuum Systems, Inc., Enfield, Conn.).




» Beam control —
d—

"Riie electron beam is controlled with optical precision

° The bec —con5|sts of negatively charged particles whose
AJ’]AJ"J\/(“( tentis determined by the mass and velocity
O the ].__ dividual particles.

e negatively charged particles can be accelerated in an
F‘JdCErO atic field to extreme high velocities. During the
r)roru; . the specific energy content of the electron
=Peam can be increased beyond the emission energy,
*:;_-g jus producing a beam of energy, the intensity of which
~ far exceeds that obtainable from light.

=

~— ® Due to the precise electron optics, large amounts of
energy can be manipulated with optical precision.




Electromagnetic lens: -
g —

s Before the electrons collide with the

WOJ J‘EFZQZ, 3, Variable st ‘F!
electromagnetic lens is used to refocus

'rrw oeam to any desired diameter down

to I wss than 0.025 mm at a precise

o _catlon on the workpiece and thus

"f:‘ ;attalns an extremely high power density.

.—"-"!

o This extremely, high power density
immediately vaporizes any material on
which the beam impinges.




MOUNGE ied below the magnetlc lens, |s.g_se1.j£e'l5'end the
J»m. and direct it over'the desired surface of the

piece. This deflection system permits programming

off theibeam niany.specific.geometrical pattern, using e
'rrw r)re per deflectlon coil current input

e point of beam impingement, the kinetic energy in
e beam is converted to thermal energy in workpiece.

ther interesting deflection control technique is the
&iilying spot scanner or optical tracing device. Using this
= device, the electron beam can be deflected to cover
= *‘most any conceivable pattern over a 0.25 SCLII’] area.
——  The desired pattern is drawn, then ﬁ hotographed, and
~  the photographic negative acts as the master.

® The electron beam can also be deflected in a
predetermined pattern by a relay tray or a flying spot
scanner mounted in a control cabinet, which consists of
a saw-tooth square wave and sine wave generator. By
ﬁsilng this process, it is possible to drill a cross-shaped

ole.
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. Pfocess parameters ;

BEdm current, pulse duration, lens current the beam
@eflection S|gnal are ‘our important parameter
"JJJO., Cl Ed W'th EBM _—

Play-

DEIT] Cul
F contint ously adJustabIe from approximately 100pgamp to

amp.
r\J bean 1 current is increased, the energy per pulse
delive ~I’€d to the workpiece is ‘also increased

— ;JL se duration:
=5 Affects both the depth and the diameter of the hole

a——
Nl
il

- -rT'he longer the pulse duration, the wider the diameter and
= the deeper the drilling depth capablllty will be

- Toa degree, the amount of recast and the depth of HAZ
will be governed by the pulse duration — shorter pulse
durations will allow less interaction time for thermal effects
to materialize

® Typical EBM systems can generate pulses as short as 50us
or as long as 10msec

—

=




PFOCEeSS pardmeters

|nes the distance between the focal point and the
s rand also determines

emeter of the focused electron beam spot on the
wor}'r_"- will, in turn, determine the diameter of the hole

L -*By selecting different focal positions, the hole produced can
— be tapered, straight, inversely tapered or bell shaped

= 4 “Deflection coil:
o

When the hole shapes are required to be other than round,
the beam deflection coil is programmed to sweep the beam
In the pattern necessary to cut out the shape at the hole’s
periphery

e Beam deflection is usually applicable only to shapes smaller
than 6mm



Advantages p—

Venyahigh drilling rates — up to 4000 hOW-b'

Drills in.many dlfferenl;ﬂmﬁguratlons —

Drills any material - Hardness, thermal capactiy, ductility, electrical
conductivity or surface properties (reflectivity) etc, are not barriers
NO -a-hical distortion

limited thermal effects because only one pulse is required to

yrwr:'-" each hole and pulse durations are short

> Comp uter controlled parameters

= igﬁ_accuracy capability to maintain high accuracy and repeatability
—:—_;.-éif.- £0.1mm for position of the hole and +5% for the hole diameter

== Drllllng parameters can easily be changed even during drilling of
~ single workpiece from one to the other.

e No tool wear

® Best obtainable finish, compared to the other unconventional
processes used to drill precision holes

® L ow operating cost

:tf
—

iy
— _
—
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a Limitatlons__"— - -

rJJgn- equm‘érrt"cost
Hoeles:produ
>0, 13mm are tapered. So can machine thinner
r)errJ Uﬁ Iy

| mnme 10mm material thickness

”ec:"' vacuum — nonproductive pump down
: Vallablllty limited

'-"‘: Presence of a thin recast layer which may be a
consideration in some applications

K High level of operator skill required
® Necessity for auxiliary backing material
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Applicaﬁ'gns

SHigh-speed perfo n_any kind of material —
fluid-and chemical industries use EBM to produ

Ml JJFJELJF’ Of holes for filters and screens

J H~rr9r~ ion of small diameter holes in thick
mcherJr ls

J JrJHi g of tapered holes

Non- C|rcular hole drilling

—— i _,—-- e

i _l.,.

e c

* = e Engraving of metals, ceramics and vaporised layers.

: Machlnmg of the thin films to produce resistor
~networks in the IC chip manufacture

| ;_llﬁ
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EBM drilled*holes
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Figure 19.7 o EBM-drilled holes in 1-mm thick sheet metal (10 X
nification). - courtesy, Messer Griesheim GmbH, Puchheim, W, €
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GlassHilemspinning head drilled by EBM,..

—

Dome matel: Iy steel; wall thickness: 4.3 to
6.3mm; hole dia: 0.81mm;

11,766 holes drilled in 40mins; 100 times faster than EDM; 20
to 100 times faster than laser drilling
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Fig 8 Jet engine combustion chamber housing with
' electron beam machined holes. Courtesy of
MG Industries/Steigerwald

Dome material: chrome nickel cobalt molybdenum tungsten
steel; wall thickness: 1.1mm; hole dia: 0.9mm;

3800 holes drilled in 60mins



Examplesof slots.eut:by EBM 5 1.

— —

Fig. 6-9. Slot cut at 24 in/min in .03
‘. aluminum oxide wafer. f{;J{JuTEE::'}‘
Flamlton Standard, Division of U nited Air

craft Corporation)
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Fig. 6-10. Dicing of silicon chips for

- L o i ¥ .1. |_
semiconductor industry. (Courtesy, H amal-
ton Standard, Division of United Awrcrajt

Corporgtion)

of slots cut by EBM - 24
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EXample of slots-eut'by EBM - 3
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Fig. 6-5. EBM drilling of .010 1n. thick
molybdenum. (Courtesy, Hamilton Standard,
Division of United Aircraft Corporation)



les of EBMdrilling = 2

—

L0015 [N, DIAHOLE

Fig. 6-6. Synthetic sapphire jewel
hearing (1.0 sec. cutting time). (Courtesy,
Hamilton Standard, Division of Uniled
Aireraft Corporation)
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dles of EBMdrilling - 3w

Stainless steel injection nozzle.
r v, Hamillon Standerd, Division of
I - - - ~— " i =
Yhited Aircraft Cort grafion)



