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Brush Wellman Inc.'s beryllium
copper alloys are increasingly
proving the material of choice
in applications spanning the
automotive, aerospace,
electronics, electromechanical,
computer, telecommunications,
hydrocarbon, appliance and
medical industries. The
popularity of these high
reliability engineered materials
stems from their combination of
high conductivity and
mechanical strength, excellent
wear and corrosion resistance,
non-magnetic characteristics,
high fatigue strength and
hardness, and their ability to be
worked in a soft condition and
then hardened by a simple
heat treatment.
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INTRODUCTION

As many applications require machining, the
beryllium copper alloys are produced in billet and
wrought forms which are readily machinable in
all available tempers. Similarly, in applications
requiring casting and subsequent machining
operations, Brush Wellman manufactures a
number of beryllium copper casting alloys
specifically engineered for this purpose.

The machining characteristics of the beryllium
copper alloys is a function of a given alloy’s
temper and form. This report furnishes the
information most needed by shops performing
the usual machining operations. In doing so, it
summarizes current machinability data as
developed by Brush Wellman and verified by a
number of users with extensive experience inthe
machining of these materials.

It is important to note that
machinability is not actually
defined in this brochure and
the various alloys and
conditions are not rated
according to any machinability
index. After all, it is the number
of machined parts per hour
(determined partly by the
machining speeds and feeds)
which determines the
economics of the machining
operation. The machinability of
a given material is ultimately a
function of these factors,
additional considerations such
as part configuration,
dimensional tolerances, and
the required surface finish, as
well as the skill of the machine
tool operator.



Brush Wellman produces two
classes of beryllium copper
alloys. The high strength
beryllium copper alloys,
which have good electrical
and thermal conductivity, are
used in applications such as
springs, electronic
connectors, bearings, molds
and corrosion resistant
hardware. The high
conductivity beryllium copper
alloys, possessing moderate
strength, are the material of
choice in current carrying
springs, thermal control
devices, welding electrodes,
and power connectors.

All beryllium copper alloys
are readily machinable using
conventional processes and

the guidelines provided in this

brochure.

Both the high strength and
the high conductivity Brush
Wellman beryllium copper
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BERYLLIUM COPPER ALLOYS

alloys are available in several wrought forms
(strip, rod, wire, bar, tube, plate), as cast billet,
and as casting ingot.

For further information on beryllium copper
alloy forms, compositions, specifications,
properties, and manufacturing parameters,
consult the Brush Wellman publications: Guide
to Beryllium Copper, for wrought forms, and
Beryllium Copper Casting and Master Alloys,
for cast forms. Additional literature and

assistance in alloy selection
or problem solving is also
available to you from Brush
Wellman's Customer
Technical Service
Department at 800-321-2076,
(In Ohio) 216-486-4200.

BRUSH WELLMAN ALLOY DESIGNATIONS (UNS NUMBER)

HIGH STRENGTH

WROUGHT ~ CASTING INGOT WROUGHT
‘\ :‘?‘; yL Wj = m
25 (C17200) 20C (C82500)
M25 (C17300) 21C (C82510)
165 (C17000) | 165C (C82400)

245C (C82600)
275C (C82800)

3 (C17510)
10 (C17500)
174 (C17410)

HIGH CONDUCTIVITY

CASTING INGOT

3C (C82200)
10C (C82000)




A special lead-containing
beryllium copper, Alloy M25,
is used when the formation
of small, discontinuous chips
during machining is
desirable. Alloy M25,
available only in wire and
small diameter rod, is used
primarily on automated
machines, running
unattended.
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FREE-MACHINING BERYLLIUM COPPER - BRUSH ALLOY M25

The mechanical and
physical properties of Alloy
M25 are the same as those
of unleaded Alloy 25.
Similarly, the machining
parameters for high strength
beryllium copper Alloy M25
are the same as the other
alloys in that family. Tool
configurations for Alloy M25
may vary, as indicated in the
tables of this book.




Beryllium copper alloys
derive their high strength
through heat treatment and,
in the case of small cross
section wrought forms, cold
working. The amount of cold
work and the type of heat
treatment determine the
alloy’s properties. The
combination of cold work
and heat treatment define
the alloy’s temper. A brief
definition of the temper
designations is provided
below.

Brush Wellman supplies
wrought products in either
age hardenable or mill
hardened tempers.
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ALLOY TEMPER

The age hardenable tempers require heat
treatment by the user after forming or

machining operations. The

mill hardened

tempers are heat treated before they leave
the supplier. The specific machining
operation and application requirements
determine if the alloy is machined before or

after heat treating.

The heat treatment (age hardening) of the
high strength beryllium copper alloys is

Wrought
Products

Cast
Products

tempers.

-5-

BRUSH"
DESIGNATION

A (annealed)
1/2 H (half hard)
H (hard)

accompanied by a slight
volume change. These
alloys shrink about 0.5
volumetric percent. Where
precise dimensional control
is required, final machining
should follow heat
treatment. Rough machining
can, of course, be done
before heat treating.

The high conductivity
beryllium copper alloys are
usually purchased in mill
hardened tempers and are
readily machinable
because-of their moderate
hardness levels. There is no
volume change during the
heat treatment of the high
conductivity alloys

TEMPER DESIGNATIONS

DESCRIPTION

Alloys which are strengthened by varying
amounts of cold work. Annealed temper
contains no cold work and is the softest
temper. Hot worked (usually heavy section)
products are annealed temper. Increasing
cold work raises the alloy’s hardness. Heat

The T designation indicates the alloy is heat
treated after anneal or cold working. These
are the hardest tempers.

As-cast and heat treated (moderate
hardness)




All forms of beryllium
copper are machined
readily with either high
speed steel or carbide tools.
General purpose carbide
grade C-2 is recommended
where carbide tools are
used, and M1, M2, T1 or T2
types of high speed tool
steels are recommended
when high speed steel tools
are used. Coated steel tools
provide the same
advantage in machining
beryllium copper as other
alloys. Carbide tools can be
used to a greater advantage
if production runs are long
and/or close dimensional
tolerances must be
maintained.

Because of the machining
characteristics of all
beryllium copper alloys,
cutting tool life is excellent.
Normally the tool life end
point is a wear land of .060
inch for high speed steel
tools and .015 to .030 inch
for carbide tools. In many of
the tests conducted to
determine the proper
speeds and feeds, this end
point was never reached
even though extremely high
speeds and feeds were
used.

The recommended speeds
and feeds presented in this
report are based on single

point tool lives of sixty
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TOOL MATERIALS AND COOLANTS

minutes of continuous cutting for high speed
steel tools. This results in a .060 inch wear
land. In the case of carbide tools, the
recommended speeds and feeds reflect
thirty minutes of continuous cutting with a
resulting .015 inch wear land. In actual shop
operations where a number of tools are
used alternately, time between grindings
would be 3 to 4 times these values. In such
instances, a tool life in excess of 6 to 8
hours would generally indicate speeds and
feeds that are too low for optimum
productivity.

As, generally, wear is proportional to speed,
it is not unusual for a 50 percent increase in
speed to reduce tool life by 50 to 70 percent.
Increasing feeds, while maintaining a fixed
speed, may increase tool life up to a point
but then reduce it in proportion to the feed
rate. This is particularly evident at high
cutting speeds.

The optimum combination of speed and feed
is that which results in the greatest volume
of metal removed (or greatest number of
parts machined) for an allowable wear land,
or for one tool change or grinding. Tool life in
these terms increases greatly at moderate
cutting speeds (300 ft/min) with feeds up to
.020 in./rev. For higher speeds, tool life may
reach a maximum and then decrease for
feeds higher than .010—.015 in./rev.

Naturally, the depth of cut
enters into the rate of
material removal. But,
except for the softer alloys,
this parameter is more
dependent on factors like
tool and work piece rigidity
and machine horsepower
than on the material being
machined.

The foregoing discussion is
based on the results of
turning experiments but, in
principle, it is applicable to
other operations as well.

The use of coolants is
recommended for all
machining operations.
Chemical emulsions, water
soluble oils and mineral lard
oils are the most desirable
of the commonly used
coolants. Unless sulfurized
oils are immediately rinsed
from machined parts, they
may cause cosmetic
staining.




Metal removal by turning is
probably the most common
method employed by
industry to produce finished
shapes. Beryllium copper is
easily machined in all types
of turning equipment, from
the small engine lathes to
automated CNC machines.
All turning operations are
performed satisfactorily with
either high speed steel tools
or carbide tools. The high
speed steel tools are best
employed where the
production runs are short or
the total amount of material
to be removed is small.

Carbide tools are used to
the best advantage when
the cutting speeds and
feeds are high, and the
production quantities are
large. Beryllium copper is
easily sheared and cutting
tools should be ground with
generous positive rake
angles. Zero or negative
rake angles on the tools
should be avoided when
turning beryllium copper.

SIDE
RELIEF
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K
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TURNING BERYLLIUM COPPER

Recommended speeds, feeds and tool
geometries, for both high speed steel and
carbide tooling, are listed in Table 1 for the
tooling configuration shown in Figure 1. A
carbide grade adjustment guide is provided
in Appendix A. It is important to note that low
feed rates (<0.005 in./rev) will work harden
beryllium copper, changing its temper,
decreasing its machinability and causing
excessive tool wear.

The high material removal rate which can be
achieved when machining beryllium copper
sometimes presents chip removal problems.
Beryllium copper alloys, in the Aor H
tempers (before heat treatment) tend to form
long, stringy, tough chips which may cause
handling problems. With single point tools,
this problem can be overcome by using chip
breakers. Chip breakers curl and break the
chips, making them easier to handle, and
should be used whenever possible. The

chips produced when
machining Alloy M25
material or material in the
AT or HI condition (heat
treated) break up and are
easily handled.

The various chip breaker
configurations are shown in
Figure 2.

Although turning operations
can be performed without
cutting fluids, tool life and
surface finish can be
improved by using any of
the coolants recommended
earlier. Heavy duty soluble
emulsion and mineral-lard
oil mixtures should be used
for critical form tool
applications. It is important
to note that recommended
cutting speeds should be
reduced 25% when turning
dry.

HIGH SPEED STEEL
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TURNING BERYLLIUM COPPER
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