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Elastic Modulus

(Thisissue of Technical Tidbits continues the materials science refresher series on basic concepts of material properties.)
The elastic modulusis the material property that directly determines the spring rate of an electrical or electronic contact. It
workswith the geometry of acontact design to produce the normal force required for good electrical contact. Together with the
yield strength, it determines how far acontact can be deflected, aswell as how much springback therewill bein aformed bend.
It provides resistance to vibration and determines how much stress is necessary to cause buckling in forming processes. It is
an important physical property for any given material, but it is often overlooked.

The elastic modulus can be denoted by a number of names: elastic modulus, Young's modulus, modulus of elasticity, etc. Itis
often denoted by the letter E, with or without subscripts (E, ,E,). Please notethat there are other moduli that have completely
different meanings: tangent modul us, secant modulus, flexural modulus, modulus of rigidity, etc. Thesewill bediscussed |ater.

Table 1 showsanumber of design formulasthat contain the elastic modulus. Thefirst showsthe reaction force as afunction of
deflection for acantilever beam, with ahigh modulus providing high force. (Thetop formulas arefor ageneric beam of length
L, those on the bottom are for a straight rectangular beam of thickness t and width w.) Recall that contact force is a critical
parameter in electrical contact design, and must remain high enough to ensure good electrical contact. A high modulus allows
for the easy generation of thisforce without the need for an overly large contact, and allows for miniaturization aswell. The
second formula shows stress as a function of deflection. This also increases with the modulus, since the stressin the contact
iswhat generatesthe force. (Thisalsoillustrateswhy it isagood ideato use a material with ahigh yield strength aswell asa
high modulus.) The third formula shows the maximum deflection of a contact as a function of the material’s yield strength.
Here, ahigh moduluswould be adetriment, sinceit would limit the total amount of safe deflection. Thiseffect can be countered
with anincreaseinyield strength. (Astute readerswill note that the ratio of elastic modulusto yield strength is also known as
theelasticresilience of the material, and that onewould like to maximizethisquantity.) Thelast two formulas describethecritical
forceload and critical stresswhich would cause buckling in avertically oriented cantilever beam. A high modulusisimportant
here aswell, if buckling during the forming processis aconcern. (This most often comesinto play during terminal crimping
operations, since the barrel walls may buckle before they get a chance to fit snugly around the wire.)

For linear elastic, structural finite element analysis, the elastic modulusisthe only material property used (other than Poisson’s
ratio.) It istheonly material property needed to determine stress distribution, reaction forces, displacements and safety factors.
Of course, this assumes that the behavior of the part being modelled remains elastic. |f the stress exceedstheyield strength of
the material, more information isneeded. Nonlinear structural analysisrequires either the full stress-strain curve or abilinear
approximation, such asthat shown in Figure 1. In nonlinear modeling, only two additional material properties are needed: the
yield strength, and the tangent modulus. Here, the tangent modulus is defined as the slope of the stress-strain curve from the
yield strength to the ultimate strength, on a true stress-strain curve. However, the ASTM definition of tangent modulus is
significantly different from that used by FEA software. ASTM defines the tangent modulus at any point on the stress-strain
curve asthe slope of aline tangent to that point. Thismeansthat each point on the curve will have its own value of the tangent
modulus, (except for points that are colinear). On the other hand, FEA software recognizes only one value of the tangent
modulusfor every individual material.
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TT0047 Table 1. Key Design Formulas that Use the Elastic Modulus (Describing Straight, Rectangular Cantilever Beam Behavior)
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The bilinear approximation works well for copper beryllium alloys such as the C17410 1/2 HT material shown in Figure 1.
However, not all materials have such cleary linear regions. Insomealloys, the elastic portion of the stress-strain curve may not
bestraight at all, but will be continuously curving. Inthiscase, the secant moduluswould be used as an approximation of the
elastic modulus. The secant modulus is defined as the slope of aline from the origin of the curve to a specific point on the
stress-strain curve. Theretherforewill be as many valuesfor the secant modulus as there are points on the stress-strain curve.
The secant modulus would have a maximum value at the origin and would gradually fall off asthe stress and strain increase.
(For aloysthat do have alinear elastic modulus, the secant modul us would be equal to the elastic modulus and would remain
the samevaluefor the entire proportional region of the curve.) Therewill be more on theimportance of this property in afuture
edition of Technical Tidbits.

The flexural modulusisthe value of the elastic modulus as determined by a spring bend limit testing device. It is calculated
using bending formulas from the force-deflection relationship. It is typically equal to the elastic modulus in tension. The
torsional modulus, also known asthe modulusof modulusof rigidity or G, isrelated to the elastic modulus. Whiletheelastic
modulus is the relationship between normal (axial) stress and strain, the torsional modulus is the relationship of shear stress
and shear strain. Itiscalculated from the elastic modulus by thefollowing formula: G=E/2(1+1/), where 17 isPoisson’sratio. The
bulk modulus, also known asthe volume modulusof elasticity, istheratio of normal stressto uniform volumetric strain when
asolidiscompressed by hydrostatic pressure. Itiscalculated by thefollowing formula: B=ApV/AV, where Apisthechangein
pressure, and V and AV arethe volume and changein volume, respectively. It alsoisfound by thefollowing: B=E/3(1-21/). As
amatter of interest, the speed of sound in amaterial is equal to the square root of the ratio of its bulk modulusto its density.

The elastic modulus is an important property to consider when selecting a material, just as important as yield strength,
conductivity or formability. Asa partia guide, Table 2 lists the elastic modulus for some strip materials commonly used in
electronic connector applications. The copper beryllium alloys at the top of the list provide the largest elastic modulus, and
thus improved reliability in connector designs.

Although often overlooked, the elastic modulus is a critical material property which should be factored into the material
selection process.
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Table 2. Elastic Modulus of Commonly Used

Figure 1. Elastic Modulus and Tangent Modulus as Used for Finite Element Analysis Copper Strip Alloys in Connector Applications

Coming Next Month: The next edition of Technical Tidbits will focus on tensile strength.

Written by Mike Gedeon of the Brush Wellman Alloy Marketing Applications Engineering and Technical Service Department. Mr. Gedeon
is a mechanical engineer whose primary focus has been on electronic connector markets with emphasis on Finite Element Analysis, design
and material selection.

References:  Tensile Testing - Technical Tidbits, Vol. 3 # 9, September 2001
ASTM E8, ASTM E6

Health and Safety

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. 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.

Brush Wellman Inc.

(216) 486-4200 Phone
(216) 383-4005 Fax

17876 St. Clair Avenue
Cleveland, OH 44110

(800) 375-4205 Tech. Service
www.brushwellman.com
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