











Fatigue Strength

Copper beryllium strip and wire have a long
history of success in the cyclic stress environ-
ment of electrical and electronic contact
springs. Copper beryllium in heavier sections
is also used in components subject to cyclic
loading. Examples include aircraft landing gear
bushings, copper beryllium races and rollers in
rolling-element bearings, and oil and gas well
downhole hardware such as anti-galling thread
saver subs.

In these applications an outstanding charac-
teristic of copper beryllium is its ability to
withstand cyclic stress. Cyclic conditions are
produced by cantilever bending, axial loading,
and rotational bending.

Fatigue strength is defined as the maximum
stress that can be endured for a specified num-
ber of cycles without failure. Low cycle fatigue
strength approaches the static strength. When
the number of cycles exceeds one million to
ten million, the fatigue strength falls to a frac-
tion of the static strength. Copper beryllium
alloys resist fatigue failure with high static
strength, toughness, and an ability to diffuse
strain by work hardening.

Copper beryllium fatigue curves are provid-
ed in the graphs on this page. The ratio of
minimum to maximum stress is termed the
stress ratio, “R”. This term, displayed on the
graphs, defines the test conditions. Spring con-
tacts deflected in a single direction (R = 0) dis-
play a higher fatigue strength than those flexed
in reverse bending (R = -1).

Standard tests measure fatigue behavior of
flat springs and round beams. Some spring
manufacturers have developed their own tests
to suit their particular design requirements.
Agreement among testing methods is generally
good.

These data serve as a guide, since fatigue
performance depends on the surface condition
and service stress state. Care should be taken
to insure high surface quality, particularly at
edges and fillet radii, to take maximum advan-
tage of these important alloys.

35



36

Engineering Guide

Corrosion

Atmospheric Resistance and Shelf Life
In environments encountered during production, stor-
age, and use of electronic or electrical apparatus, cop-
per beryllium alloys exceed the corrosion resistance of
most specialty copper alloys.

Resistance to tarnish is critical since many electronic
components are soldered after extended storage.
Surface inhibition with benzotriazole (BTA) reduces
oxide formation and extends shelf life. For optimum
solderability, copper beryllium may be coated with tin
prior to storage.

Marine Environments

Copper beryllium is well suited for both fresh and salt
water because of a low corrosion rate and an inherent
resistance to biological fouling. At low velocity, the
corrosion rate of copper beryllium in sea water is low
and comparable to the cupronickels. High velocity
accelerates corrosion of copper beryllium and most
copper alloys.

Undersea communication cable housings have seen
more than thirty years of undersea service without evi-
dence of fouling or detrimental corrosion. These are
made from copper beryllium because of its excellent
strength, machinability and resistance to corrosion and
fouling.

Processing Environments

Glycols, alcohols, esters, ketones, hydrocarbons and
most organic solvents are routinely handled with cop-
per beryllium. The sensitivity of copper beryllium to
impurities contained in these liquids is usually greater
than sensitivity to the organic itself. For example,
traces of sulfides, water, acids, alkalis or salts may
accelerate corrosion.

Curing polyvinyl chloride (PVC) and room tempera-
ture vulcanized silicone (RTV) plastics can produce
fumes, such as HCL and acetic acid, that can corrode
copper beryllium and other copper based alloys.
However, copper beryllium is used successfully in
these applications by limiting the production of these
corroding fumes. The curing of other plastics, such as
acetal, nylon and polytetrafluoroethylene (PTFE), emits
volatiles under similar conditions, but these fumes do
not affect copper alloys.

Copper beryllium alloys are compatible with aque-
ous solutions of most alkali hydroxides, hot or cold.
However, many copper alloys, including copper beryl-
lium, are not suitable for handling ammonium hydrox-
ide, which promotes stress corrosion cracking. Copper
beryllium alloys should not be in contact with ammo-
nia unless it is dry and oxygen free.

The alloys resist corrosion in cold concentrated sul-

Resistance

furic acid; hot or cold dilute sulfuric acid; hydrofloric
acid; or cold dilute hydrochloric acid. However, like
other copper alloys, copper beryllium is not recom-
mended for structural components that are exposed to
concentrated oxidizing acids such as nitric. Non-oxi-
dizing acids such as hydrochloric and sulfuric are cor-
rosive when they contain oxidizing impurities.

Copper beryllium is immune to stress corrosion
cracking caused by chloride ions, unlike stainless steel
that can crack in just a few hours under high chloride
conditions. This immunity makes copper beryllium
ideal for applications in oil well environments.
Copper beryllium resists hydrogen embrittlement
unlike titanium alloys, steels, and nickel base alloys
that are highly susceptible, at comparable strength.

Copper beryllium is susceptible to delayed failure by
liquid metal embrittlement by mercury. Strengthening
by either cold working or age hardening increases this
susceptibility.

Copper Beryllium
Service Environments:

¢ Industrial — shelf life sufficient for solderability
to 18 months

 Urban - sulfidation resistance up to five times
that of copper

e Static Sea Water — less than 2 mils per year

e Biofouling — proven resistance, with more than
thirty years exposure

e Saturated Chlorides — immune to cracking in
sodium, potassium, magnesium and mixed salts

* Hydrogen — no effect on ductility or strength
after cathodic charging at 90°F for more than
100 hours

e Organics — compatible with most solvents,
although impurities may cause corrosion

* Organic Fumes — resistance should be
evaluated case by case

* Dilute Acids and Alkalis — may be used with
caution

e Concentrated Oxidizing Acids — not recom-
mended for use

e Ammonia — resistant to attack by anhydrous
ammonia, but presence of moisture and
oxygen promote stress corrosion cracking

* Mercury and other liquid metals - avoid
contact

e Other - attacked by ferric chloride, ferric sul-
fide, acid chromates, ammonium hydroxide
and mercury compounds
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Other Attributes

Copper beryllium often is used because it provides a
combination of attributes meeting specific needs of a
user’s application. Examples include elastic compli-
ance and formability (electronic connector contacts),
fatigue strength and electrical conductivity (switch
contacts), and hardness and thermal conductivity
(resistance welding electrodes).

Copper beryllium has many more useful attributes of
which the designer should be aware. Several are high-
lighted below.

Nonsparking — One of the oldest and best known uses
for copper beryllium is in hand tools for industrial
processes where a spark is not permissible. A hot, cop-
per rich particle dislodged on impact cools rapidly and
does not ignite. In addition to spark resistance, copper
beryllium has hardness to provide lasting durability.

Nonmagnetic — Brush Alloy 25 has magnetic perme-
ability between 0.997 and 1.003 at a field strength of
1000 gauss. (A permeability of unity represents perfect
transparency to slowly varying magnetic fields.) This
property is unaffected by cold work in contrast to other
nonmagnetic alloys that can become magnetically
“hot” during machining, forming or rigorous service.
Combined with high strength, fracture toughness, and
precise dimensional stability, these properties lead to
excellent service in magnetic instrument housings,
magnetic support structures and other systems.

Galling Resistance — Copper beryllium has inherently
good wear resistance, allowing contact with other
materials with a minimum of friction and surface dam-
age. Threaded joints of copper beryllium mated to
itself or to stainless steel are not subject to galling,
even under overload conditions.

Cryogenic Behavior — Copper beryllium is used in lig-
uid hydrogen and liquid oxygen due to its ability to
maintain strength and toughness in cryogenic condi-
tions. Copper beryllium has no ductile to brittle transi-
tion temperature, as do many high strength steels.
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Elevated Temperature Strength — Copper beryllium
Alloy 25 demonstrates good stability of tensile proper-
ties from cryogenic temperatures through 500 F despite
long exposure. When tested at elevated temperature at
conventional strain rates, tensile properties retain
essentially room temperature values through 500 F.

The high conductivity alloys retain strength through
about 600 F. The hardness of these alloys leads to their
use in welding electrodes and mold components for
plastic injection.

Reflectivity — Copper beryllium polishes readily to an
optical mirror surface. Because of its color, this surface
reflects light efficiently, especially in the infrared spec-
trum. Reflectivity, machinability and dimensional sta-
bility lead to its use in mirrors, particularly where cen-
trifugal or other stresses are present.

Dimensional Stability — Besides increasing hardness
and strength, age hardening can relieve stress in cop-
per beryllium. This results in high dimensional stability
during machining or stamping. A conventional stress
relief that does not alter strength, and various stabiliz-
ing thermal treatments are used.

Special Surface Treatments — Surface modification of
copper beryllium creates several unique possibilities.
An oxide formed at high temperature greatly increases
secondary electron emission. Various technique have
been used for local hardening. Laser and electron
beam techniques have produced various surface states,
ranging from localized solution annealing to glazing.
Coatings have been applied for increased emissivity,
hardening or appearance.

Appearance — The golden luster of high strength alloys
and the coral tinted gold of the high conductivity
alloys give copper beryllium an attractive appearance.
These alloys are polished and waxed or lacquered for
application as decorative components.
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Your
Supplier

This is Brush Wellman
Mining and Manufacturing
Service Centers

Safe Handling

Brush Wellman’s quality commit-
ment exists throughout our fully vertically
integrated corporation. Our commitment

extends from the mining of beryllium ore to

the manufacture of finished materials including
pure beryllium, the oxide ceramic, and numerous
alloys on precise and efficient equipment.

This section summarizes a few facts about Brush Wellman,
namely; history, corporate profile, mining and manufacturing,

distribution, customer service, and quality. Safe handling of beryllium-containing
products is addressed in a special section. More information is available for the asking.
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Your Supplier

This is Brush Wellman Inc.

Company History

Brush Wellman Inc.’s historical roots extend back to
1931 when its predecessor company, The Brush
Beryllium Company, was founded in Cleveland, Ohio to
commercially develop the beryllium technology of Brush
Laboratories. Brush Laboratories was started in 1921 by
Charles Brush, Jr. and Dr. C. Baldwin Sawyer, who pio-
neered work in the extraction of beryllium from ore and
the production of beryllium metal, oxide and master
alloys.

In the late 1940's, the Atomic Energy Commission
(AEC) developed interest in beryllium powder metal tech-
nology and became the first significant user of metallic
beryllium and beryllium oxide. During the 1950’s, com-
mercial applications for beryllium-containing materials
grew, particularly copper beryllium. In 1953, Brush
Wellman built a small commercial plant at Elmore, Ohio
to produce copper beryllium alloys. That facility is now
the largest and most advanced facility for beryllium and
beryllium-containing alloy production in the world.

In 1958, Brush Wellman purchased Penn Precision
Products Company of Reading, Pennsylvania. This acqui-
sition provided Brush Wellman the capability to supply a
full range of copper beryllium rolled strip products. The
Reading facility now provides world class beryllium- con-
taining strip, rod and wire alloys to meet the demand for
these products.

During the 1960’s, Brush Wellman acquired exten-
sive mineral rights in the Topaz mountain area of Utah
and developed techniques for extracting beryllium from
these bertrandite deposits. These ore reserves are suffi-
cient in size to accommodate the global demand for
beryllium and beryllium-containing alloys well into the
future, and make Brush Wellman the only fully integrated
producer of beryllium, beryllium-containing alloys and
beryllia ceramic.

Brush Wellman’s international organization was
established in the 1980’s with the formation of Brush
Wellman GmbH (Stuttgart, Germany); Brush Wellman
Ltd. (Theale, United Kingdom); and Brush Wellman Japan
Ltd., (Tokyo, Japan). In 1992, Brush Wellman Singapore
(Pte) Ltd. was formed to provide local service and distri-
bution in Southeast Asia. In the 21st Century, additional
distribution, service and sales organizations in Hong
Kong, China, and Taipei, Taiwan have been established
to serve the growing Asian markets.

In May 2000 Brush Wellman Inc. became a wholly-
owned subsidiary of a newly created holding company,
Brush Engineered Materials Inc. In addition, the foreign
subsidiaries became wholly-owned subsidiaries of Brush
Engineered Materials Inc.

Corporate Profile
Brush Engineered Materials Inc. (NYSE-BW), with

headquarters in Cleveland, Ohio, is the sole parent com-

pany of Brush Wellman Inc. lts subsidiaries make the

following products:

¢ Metallic beryllium , a lightweight metal possessing
unique mechanical and thermal properties. Its specific
stiffness is much greater than other engineered structur-
al materials such as aluminum , titanium, and steel.
Beryllium Products, including AlBeMet and E-materials,
are primarily, but not exclusively, used in the defense
and aerospace markets. Brush Wellman’s metallic
beryllium is produced in Elmore, Ohio. Fabricated
components are made at Electrofusion Products in
Fremont, California.

¢ Beryllium-containing alloys, including copper berylli-
um, nickel beryllium and aluminum beryllium, metal-
lurgically tailored to meet specific customer perform-
ance requirements. Beryllium alloys are used for
demanding applications in computers, telecommunica-
tions, automotive electronics, aerospace, oil explo-
ration, undersea and marine environments, and plastic
mold tooling.

Alloy Products are produced at the EImore, Ohio and
Reading, Pennsylvania manufacturing sites. Distribution
service centers are operated in Fairfield, New Jersey;
Warren, Michigan and Elmhurst, Illinois. Research &
Development laboratories are situated in Cleveland,
Ohio, Elmore, Ohio and at several other global loca-
tions.

¢ Beryllia Ceramic (BeO), a high strength electrical insu-
lator with thermal conductivity greater than many met-
als. BeO is used in high power electronic circuitry,
laser equipment and microelectronics packaging. BeO
is produced by the BEM subsidiary, Zentrix
Technologies Inc., at facilities in Tucson, Arizona and
Newburyport, Massachusetts. Electronic circuits and
packages are designed and manufactured at the Zentrix
CPT facility in Oceanside, California, using proprietary
processes to deposit thick film precious metal circuitry
onto ceramic substrates.

e Other High Performance and Precious Alloys produced
by Brush Engineered Materials” subsidiaries, including
the copper-nickel-tin spinodal alloys produced at the
Brush Wellman Lorain, Ohio facility. High strength,
lubricity, durability, corrosion resistance and thermal
conductivity make these copper alloys a premier choice
for plastic molding cavities and cores, heavy duty bush-
ings and other severe service applications.

Brush Engineered Materials subsidiary Technical
Materials Inc. (TMI) located in Lincoln, Rhode Island
produces inlay/overlay clad, electroplated and other
specialty hybrid strip products in a wide range of alloys.

Brush Engineered Materials subsidiary Williams
Advanced Materials Inc. (WAM) located in Buffalo,
New York supplies high purity specialized metal
products for the electronic industry, including vapor
deposition materials, clad and precious preforms, high-
temperature braze materials, frame lid assemblies and
ultra-fine wire.



Mining and Manufacturing

Brush Wellman begins production of beryllium con-
taining alloys at its Topaz-Spor mining operation in
Utah. Here the company operates the only bertrandite
producing mine in the free world. Bertrandite ore is
mined from open pits, and provides a constant source
of ore for Brush Wellman's extraction facility in nearby
Delta, UT. At Delta, the bertrandite ore is processed
into a fine powder of beryllium hydroxide.

This hydroxide is transported to the Elmore, OH
manufacturing plant where alloy production begins.

Elmore

The Elmore, OH plant is the primary thermo-mechani-
cal processing facility for the Alloy Division.
Metallurgical and metalworking processes include:

e Reduction of beryllium hydroxide
* Melting and casting

* Hot and cold rolling

¢ Hot extrusion

e Cold drawing

* Annealing and precipitation heat treating
e Cleaning

e Flattening

e Straightening

* Sawing

e Strip plating

* Machining

The products of Elmore manufacturing are: strip,
wire, rod, bar, tube, extruded shapes, custom products,
plate, casting ingot, and master alloy. These products
are delivered worldwide to service centers for delivery
to customers or to the Reading, PA finishing plant for
further processing.

Reading

The Alloy Division’s Reading, PA facility produces fin-
ished gage strip and wire products. A variety of metal-
working processes are used:

* Rolling

* Drawing

e Pickling

e Annealing

* Precipitation hardening
* Degreasing

e Slitting and welding

e Traverse winding

Some of the most advanced manufacturing tech-
niques produce a consistent high quality family of
products.

Strip is routinely rolled to thicknesses down to 0.002
inch, and wire is drawn to diameters as small as 0.050
inch.

The Reading, PA plant is in close partnership with
the Elmore, OH plant. The latter supplies the input
stock that the Reading plant turns into finished prod-
ucts. The Alloy Division maintains the highest stan-
dards of quality. This dedication to quality is the secret
to the success of the Alloy Division and its key to the
future.
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Product Distribution

Brush Wellman maintains a worldwide network of
Service Centers, Independent Distributors and author-
ized agents. People in this network can answer your
inquiry, process your order, and assist with your spe-
cial requirements. They are responsive to your requests
for technical information and have available the com-
plete resources of the Brush Wellman organization.

Brush Wellman Service Centers

There are three North American and four International
Brush Wellman Alloy Service Centers. Addresses, tele-
phone and facsimile numbers are listed on the back
cover of this book. These service centers:

e Provide local technical and distribution service to
customers on all aspects of the use of beryllium-
containing alloys, including application engineering,
design assistance, safe usage of all the products and
alloy selection

* Maintain stock of copper beryllium and other berylli-
um-containing alloy products in a wide range of
alloys, tempers and sizes

e Provide rapid delivery of products slit, cut and pack-
aged to customer requirements throughout the
United States, Canada and all international locations

e Provide precision slitting, sawing, leveling, traverse
winding and other custom services to meet your
exacting requirements

* Work closely with customers to satisfy individual
needs for import administration, packaging, labeling
and special material properties

Brush Wellman
Representative Offices:

* Provide local technical and distribution service to
customers on all aspects of the use of beryllium-
containing alloys, including application engineering,
design assistance and alloy selection

e Ensure that customer requirements are met by the
appropriate Brush Wellman company or Brush
Wellman Independent Distributor

Independent Distributors

Brush is represented by Independent Distributors in
more than 70 locations in the United States, Canada
and in most other countries. The Independent
Distributors make available many of the same product
distribution and technical marketing services of the
Brush Wellman Service Centers and provide customers
with a local contact for rapid response, including:

e Maintain local stocking programs of alloy products
for prompt delivery to their customers

 Have staff that have been trained by Brush Wellman
on the latest developments in beryllium-containing
alloys, and can provide local language service for
local customers

e Provide access to all Brush Wellman resources



Customer Service

Brush Wellman'’s broad coverage of customer service
is offered through:

e Alloy Sales Engineers

* Regional Alloy Service Centers, with customer
service personnel

e Sales and Marketing located in Cleveland, Ohio

A written request or a telephone call to any Brush
Wellman location will begin the process to satisfy your
requirements.

Often the need is for Technical Customer Service.
When designing a new part, choosing among available
alloys and tempers, interpreting a specification, or
weighing component production alternatives, call
upon our Technical Service staff in Alloy Marketing.

Brush customer service personnel can draw upon a
wide range of Brush Wellman resources. These
include:

e Alloy Marketing Technical Staff

e Current technical literature on each product .A
technical library with electronic database systems

e Environmental Engineering staff
e Manufacturing and Facilities Engineering personnel
e Custom Fabrication engineering

In addition, Brush people welcome your comments
about copper beryllium products, ones you are cur-
rently using, and those you would like to see devel-
oped in the future. Also, since copper beryllium is a
recyclable product, we welcome your inquiries about
copper beryllium solid or liquid residuals.

Quality

Brush Wellman is committed to our customers success.

Accordingly, we recognize the need to provide high
quality products and services as a condition of doing
business. The markets we serve include some of the
most demanding in the world when it comes to quality
of systems, products and services. We have long been
recognized for our quality excellence and leadership
by these highly demanding markets.

Our quality initiatives are based on the philosophy
of defect prevention and reduction in variability. We
focus on continuous improvement of our processes
and make extensive use of statistical tools.

We believe that continuous improvement requires
employee involvement and the use of teams. To main-
tain high standards of quality, we provide ongoing
training in quality skills for all employees.

Accordingly, we have a quality policy that guides
the way we function:

We are committed to fulfilling customer needs
and expectations through the involvement of all
our employees in the continuous improvement of
our products and services.

To provide evidence of our quality, we:

* Provide material certifications that report test results
demonstrating compliance to customer specifications

* On request, we will provide detail of statistical
process capability and product quality

* Encourage visits to our operating facilities for the
purpose of auditing our quality systems that meet the
requirements of 1ISO 9002, MIL-1-45208, and A2 LA
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Handling copper beryllium in solid form poses no
special health risk. Like many industrial materials,
beryllium-containing materials may pose a health risk
if recommended safe handling practices are not
followed. Inhalation of airborne beryllium may cause
a serious lung disorder in susceptible individuals.

Safe Handling

The Occupational Safety and Health Administration
(OSHA) has set mandatory limits on occupational
respiratory exposures. Read and follow the guidance
in the Material Safety Data Sheet (MSDS) before
working with this material. For additional information
on safe handling practices or technical data on
copper beryllium, contact Brush Wellman Inc. in
Cleveland, Ohio at 800-321-2076.
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ILLINOIS

606 Lamont Road

Elmhurst, IL 60126

Toll Free: (800) 323-2438
Local: +(1) 630-832-9650
Fax: +(1) 630-832-9657

UNITED KINGDOM & IRELAND
Brush Wellman Limited

Units 4/5 Ely Road

Theale Commercial Estate

Theale Reading

Berkshire, England RG7 4BQ

Tel: +(44) 118-930-3733

Fax: +(44) 118-930-3635

TAIWAN, R.O.C.

Brush International, Inc.

Taiwan Representative Office
11th FL-6, N0.188, Section 5,
Nanking East Road,

Taipei, Taiwan, Republic of China
Tel : +(886) 2-2747-8800 x121
Fax : +(886) 2-2747-1485

QS-9000: 1998
ISO 9002

ANSI-RAB
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CORPORATE HEADQUARTERS

BRUSH WELLMAN INC.
17876 St. Clair Avenue
Cleveland, OH 44110 USA
Tel: +(1) 216-486-4200
Fax: +(1) 216-383-6868
Email: sales@brushwellman.com
www.brushwellman.com

Manufacturing Centers
Elmore, Ohio Reading, Pennsylvania

DOMESTIC SERVICE CENTERS

NEW JERSEY

180 Passaic Avenue

Fairfield, NJ 07004

Toll Free: (800) 526-2538
Local: +(1) 973-227-2552
Fax: +(1) 973-227-2649

INTERNATIONAL SERVICE CENTERS

GERMANY

Brush Wellman GmbH
Motorstrasse 34
D-70499 Stuttgart
Germany

Tel: +(49) 711-830-930
Fax: +(49) 711-833-822

CHINA / HONG KONG

Brush International, Inc.

Hong Kong Representative Office
Room 604, Blk 1, Enterprise Square
9 Sheung Yuet Road,

Kowloon Bay, Kowloon

Hong Kong

Tel : +(852) 2318-1960 / 1907

Fax : +(852) 2318-1879

REPUBLIC OF KOREA

Brush Wellman (Japan), Ltd.
Korean Representative Office
Room No. 621, Iriom Bldg., 599-1
Yeonsu-2 Dong

Yeonsu-Ku, Incheion City Korea
South Korea

Tel : +(82) 32-811-2171

Fax : +(82) 32-811-2175

BRUSHWELLNMAN

ENGINEERED MATERIALS

MICHIGAN

27555 College Park Drive
Warren, Ml 48093

Toll Free: (800) 521-8800

Local:  +(1) 586-772-2700
Fax: +(1) 586-772-2472
JAPAN

Brush Wellman (Japan), Ltd.

Daichi Marusan Building 9

Kanda Jimbocho 3-Chome, Chiyoda-Ku,
Tokyo 101, Japan

Tel: +(81) 3-3230-2961

Fax: +(81) 3-3230-2908

SINGAPORE / ASEAN

Brush Wellman (Singapore) Pte Ltd.
110 Paya Lebar Road #02-01
Singapore 409009

Tel : +(65) 6842-4456

Fax : +(65) 6842-6646

CHINA / SHANGHAI

Brush Wellman (Singapore) Pte Ltd.
Shanghai Representative Office
Shanghai Apollo Business Center
1440 Yan An West Road, Room #515
Shanghai, P.R.O.C.

Tel : +(86) 21-6248-1120 x515

Fax : +(86) 21-6248-5875

COPPER & BRASS

SERVICENTER
ASSOCIATION
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