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ABSTRACT 

The major purpose of t h i s work va3 t o determine whether berylllu™-

niefcel a l loy 1*1*0 had mechanical proper t ies which rxde i t e a t a b l e as a sub­

s t i t u t e for the present ly u3ed precious n e t a l contact alloys Paliney 7 and 

llcyoro G, in cer ta in e l e c t r i c a l contact appl icat ions • Possible areac of 

app l i cab i l i t y for the a l l e y were where extremely l ev contact r e s i s t ance was 

not necessary or in ccEnponents encountering e l e c t e d temperatures above 

those present ly seen in weapons app l ica t ions . 

Evaluation of the a l loy involved three ca.Jor experlcentai a reas : 1) 

measurement of the room temperature ndcraplas t ic (e — 10* ) and ciacro-

p la s t i c fz "-10~ ) "cehavlor of a l loy WvO in various age hardening condi t ions, 

2) determination of applied 3t ress ef fec ts on s t r e s s re laxa t ion or contact 

force loss and 3) i^asurecent of elevated temperature mechanical proper t ies 

and s t r e s s re laxat ion behavior. S in i l a r measurements were a l so cade on 

Keyrro G and Paliney 7 for comparison. 

The pr inary r e s u l t s of t i e stufly sluw tha t berylliuswiicfcel a l l ey HO 

i s from a mechanical propert ies standpoint , equal or superior to the 

present ly used Paliney 7 and Neyoro G for normal Sandia requirements. For 

elevated temperature appl icat ions 9 a l loy WO has c l ea r l y superior mechanical 

p roper t i e s . 
j i : . ••• 
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UttRODUCTIO:* 

M e c t r i c a l spring contact systems In Saudia components employ high 

j t r e ; . s t h t hliT* conductivity precious metal base a l l e y s . Because of rapidly 

r i s ing costs due t o price increases for gold and palladium, designers ex­

pressed a desire t o erplore possible non-precious o e t a l base materials which 

could be subs t i tu ted a t a subs tan t i a l cost saving. A major cons t ra in t 

Placed o:. se lec t ion of any new mate r i a l s , however^ ie the requirement that 

;?r;ia=t res is tance be lev enough that precious metal p la t ing of the contact 

: - unnecessary. Problems with obtaining consis tent ly high qua l i ty plat ing 

t-roducts :'rorr. suppliers caused th i s r e s t r a in t* A second reason for i n t e r e s t 

ir. tapr^vci contact materials i s t ha t seme new i n i t i a t i v e s program are 

relying upor, components for high temperature operation where contact mate­

r i a l s with elevated temperature mechanical s t a b i l i t y superior t o present 

irjiterlaln are needed* 

The general requirements of high s t rength and reasonable conductivity 

limited the number of candidate materials s ign i f i can t ly . The requirement 

:or no p la t ing fur ther l imited the s e l ec t i on . Mckel-bace al loys appeared 

to be the pr inc ipa l group of materials v h i ^ night f i l l a l l the qua l i f i ca t i ons , 
(1 °1 

v;ork by H, L. Cuthrell * has confirmed the r e l a t i ve ly lew contact r e ­
sis tance in the unplated condition for nickel a l l o y s . 

One of the no3t a t t r a c t i v e a l leys from the standpoint of s t rength and 

conductivity i s beryll ium-nickel Alloy khoP I t i s a nickel-1 .95 wt.£ 

beryllium, 0-50 wt.'J t i tanium a l loy . Typical propert ies for the a l loy are 

given in Table I **' along with comparative proper t ies for !;eyoro G and 
(U) Faliney 7 / the two alloys present ly used in spring contac t s . Note tha t 

^awccki -Eerylco Indus t r i e s , Beading, PA. 

q 



TABU; I 

Minimum Reported Proper t ies for Three Contact Alloys 

Bc-Hi Alloy UhO 
Condition AT Condition HT 

P&liney 7 
Heat Treated 

Heyoro G 
Condition AT Condition HT 

Conductivi ty 
% IACS 7* IIA 5.U 12.2 12.2 

Modulus of 
E l a s t i c i t y 
(PSI) 27 x 1 0 6 

(186 GPa) 
27 x 1 0 6 

(186 GPa) 
17 x l o 6 

(117 GPa) 
16 x 10 6 

(110 GPa) 
16 x 1 0 6 

(110 GPa) 

Yield 
Strength 
(0.2$ o f f s e t ) 
(P3I) 150,000 

(1.03 GPa) 
230,000 
(1.58 GPa) 

110,000 
(0.75 GPa) 

95,000 
(0.65 GPa) 

NA 

TenBile 
St rength 
(PSI) 215,000 

(1.1*6 GPa) 
270,000 
(1.86 GPa) 

165,000 
(1.15 GPa) 

135,000 
( .93 GPa) 

150,000 
(1.03 GPa) 

Elongation 
(pe t ) 12 8 2 7 2 

Fatiguo Strength 
(107 . i o B cycles) 
(T = 25°C) I1A '""-5, Ow 

{.65 GPa) 
50,000 

( . # GPa) 
!JA 30,000 

{.21 GPfc) 



alloy hhO i s equal or superior in a l l per t inent p rope r t i e s . Alley W*0 can 

be ctrengthened both by cold-working and ege-hwdening* While general ne* 

ch&nlcal propert ies are avai lable £rcn the manufacturer for a l l e y UiO, 

ne i ther microdeforzation, s t r e s s re laxa t ion behavior nor the temperature 

dependence of mechanical proper t ies for the a l loy are v e i l es tab l i sned . 

A l l oi th^ce proper t ies a re important for usin^ any mater ia l with confidence 

in a spring contact where long t e rn storage under 3treuc i s ccszion* 

Kxperimenta vere devised t o measure proper t ies re la ted t o three =air. 

a reas ; aging s t u d i e s , applied s t r e s s response ar,d storage te r^era ture 

e f f ec t s . Each w i l l be described in t u r n . 

1) Aging s tud ies ; samples of Be-Ili a l loy Ul*0 were aged for :.Imes 

ranging f taa 15 t o 2**Q minutes (supplier recommended t i r e , 90 ir*nute3' a t 

510°C. Subsequently, uhe micropladtic (e *~ 10* p l a s t i c ) ant* macro-

p la s t i c (*: ** 10 D p l a s t i c ) deformation behavior of the samples vere 

measured. These t e s t s were performed in order to evaluate the k inet ics of 

the development of microyleld s t rength- Mi erode formation behavior iz i s * 

portent t o spring contact behavior but i f i t i s possible to use macro-

p l a s t i c behavior t o evaluate spring ma te r i a l s , then experimental problems 

would be eased considerably. The precis ion required t o perform microde-

formation experiments makes them very tedious and tims consuming. 

2) Applied s t r e s s e f fec t s : r e l a t i v e l y long term roan tenrperature ten­

s i l e s t r e s s re laxa t ion experiments were performed on Be-lli a l l o y UUO in 

the standard age hardened conditions a t an i n i t i a l s t r e s s of 200 KSI 

{I.38 GPa). Also, short term s t r e s s re laxat ion t e s t s werj performed over 

the range of 150-2**0 K5I (1.03-1.65 GPa) i n i t i a l s t r e s s e s . The r e s u l t s 

of the re laxa t ion t e s t s axe compared t o e a r l i e r r e s u l t s for ifeyoro G and 

Paliney 7, With these experiments > i t vas hoped t ha t the r e s i s t ance of 



the a l loy t o contact force loss during long t e rn s t a r v e under s t r e s s 

could be evaluated* 

3l Test temperature e f f ec t s : r e l a t i v e l y long t e r a t e n s i l e r<*laxatlC!. 

experiments were performed a t 200aC on the Uho a l l q y , Keyoro G and itoliney 

7« The UUo al loy was t e s t ed at an i n i t i a l s t r e s s of 150 KSl (1.03 G?a) and 

the two Hey a l leys were t e s t ed a t an I n i t i a l s t r e s s of 100 KSI (osw VPB.} . 

This i s due t o the lover overa l l s t rength oJ the 3ey a l loys as shown in 

Table I . Also, t e n s i l e t e s t measurements were cade of the proportional 

l l r . i t , ( P . L j ; 0*2£ offset y ie ld s t rength , [a ) , and ult imate t e n s i l e 

s t rengthj ( a , - , ) , for a l l three al loys over the t em^ra tu re range -19*.*" 

to 2^0°C. These measurements were a l l directed a t es tabl i sh ing th<; merits 

of the three allqyG r e l a t i ve to mechanical s t a b i l i t y in an elevated tempera­

ture environment. 

Beryllium-nickel a l loy U*0 s t r i p was obtained from Kavecki-Berylco 

Industries* The mater ial was 0.01*0" fl 3-3) thick by 1" {25.U ma) wide and 

vac in both the solut ion annealed and quenched condition (condition A) and 

in the solut ion annealed, quenched and cold-worked 1*0£ condition (condition 

; :h The chemical composition i s presented in Table I I . Standard t e n s i l e 

samples were machined with a gage section of 0.25" (6,35 ra) by 0.0U0" 

' 1 cm) and gage length of 1,50" (33 raj. All age harden! ^ heat treatments 

were performed in a forming gas atmosphere (93£ n g i 7% H.) t o reduce 

oxidation of the sajnples* Temperature was control led over the length of 

the sample t o b e t t e r than ±2 aC. Specific de t a i l s of the procedures 

followed in the mechanical t e s t i n g are presented in the following three 

sec t ions . 

http://llr.it


TABI£ II 
Composition of BerylJJ.ua-Hlchel Alloys" ' ' 

B e i ^ o ^ l A l B £ i£ Ti Cr Kg ru 
Initial 
Condition A 1.89 .12 .0* .03 < .001 .027 .001 .1*7 .06 .003 Bal. 

Initial 
Condition H 1.90 .12 .06 .10 < .001 .058 .001 .1*6 .01* .006 Bal. 

http://BerylJJ.ua-


1) Microdefornation Experiments: The details 01 the taierodofcrsation 

experiments and the necessary control levels Uve been outlined in detail 

elsewhere- High resolution, resistance strain gagr,3 are bonded c:. 

opposite sides of the sample. Output frcm the geges is amplified such that 

a strain resolution of 10 ' ie obtair*ed, honever, the accuracy of the 

measurement is much lover (±3 x 10" ). The samples axe first preloaded a 

scall amount 0 KSI, 69 MPa) then loaded to h higher lc^el of str^as a:,*i 

subsequently 1 turned to the base stress. Any change in strain output is 

measured. The sorties are loaded in this fashicn to progressively ii.-

creasing levels of stress. The data is presented as the strers r^ecccary 

to obtain plastic strains of 10 x 10* (10 dicrostrain) and 100 x l^*c 

(ICO micrcstrainh 

2) Stress Relaxation Experiments: The room temperature strccs re­

laxation experiments vere performed on a closed loop electrohydraulic 

tensile testing machine operating under otram control. Strain was editored 

using a Microzceasuremente #EP-08-*o62AQ-35O strain gage attached tD the gagt-

section with Mbond 610 adhesive. These gages are specifleally designed 

for plastic strain measurements and thus stre3s relaxations vere carried 

out following plastic strains of up to %m The rocci temperature was con­

stant to within ±2°C. The sample temperature was held to *1°C by encasing 

sample and grips in a foam insulating Jacket- The tests conducted at 200°c 

were performed on an Instron machine using constant crosshead displacement. 

Details of the temperature batn used hsv* been presented in an earlier 

report. All samples were loaded to the Initial stress value at a 

constant crosshead displacement or strain rate of ,02"/oin (.5 mm/rain). 

it Micromeasurements Manufacturing Company, Romulus, Michigan. 



2^ Tens i le T e s t s ; A l l of the t e n s i l e t e s t s were performed en an In-

atron s&chlne a t a constant crosshead displacement of n,o? inf-in ' , 5 ™ / c l n ' . 

t r a l i . va^ Manured u^ing an Inct ron I** -19J e leva ted temperature c l i p gege , 

rr^-iel J ^ 1 * 1 1 A . The t e s t s above rooc t e r ^ e r a t u r e were perforr^ed t n a r e ­

s i s t ance heated s i l i c o n e o i l bath* The t e s t a a t -50*C ve re conducted in 

on a lcohol batn conl id by passing l i qu id n i t rogen through a copper c o i l 

i t e m e d in the a l coho l . For t e s t s a t -19&*C the specimens vere inas rsed 

in l iqu id n i t rogen . 

RESULTS AI**D DISCUSSION 

The r e s u l t s e r e organized in the sure sequence as presented in the 

in t roduc t ion : aging s t u d i e s , appl ied s t r e s s e f f ec t s* and t e s t ter iperature 

e f f e c t s . 

1^ Aging S t u d i e s : The e f f ec t of aging t i r e a t 510°C on de fomat ion 

r e s i s t a n c e i s shewn in Figures 1 and 2 . The behavior i s t y p i c a l of age 

Hardening 3ys te-s v i t h the s t r eng th r i s i n g r ap id ly a t shor t aging times 

then f a l l i n g a t longer aging t i t e s . The s tandard aging t reatment for t he 

so lu t i on annealed m a t e r i a l i s 90-nlr.r tea t 510°C- Figure 1 shows t h a t 

t h i s t i c e corresponds t o the maximum s t r eng th "or the commonly measured 

values of t he O.Si o f f s e t y i e l d s t r eng th and u l t imate t e n s i l e s t r e n g t h . 

For the micro-y ie ld p r o p e r t i e s manured in the present s tudy . Figure 1 i n ­

d i c a t e s t ha t over-aging , and a consequent s l i g h t reduct ion in the a i c r o -

deformation r e s i s t a n c e , begins a t t i n e s of 90 minutes and more. The e r f e c t 

i s smal l , however, and probably would not sign? f i c a n t l y a f f ec t t he spr ing 

p r o p e r t i e s of the a l l o y . 

For t he coi i -vorked and aged m a t e r i a l t h e r e 1 P a l s o an over-aging 

and weakening behavior for the mlcrodefcrmation p r o p e r t i e s whereas t he 

ma erode formation r e s i s t a n c e begins t o decrease only for the longes t aging tln-.es. 

15 
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Again* the standard 90-minute age is probably the aiost suitable for an op­

timum strength behavior. 

Transmission electron mlcro3cocy and scanning electron fractography 

investigations were performed to ascertain a cause of the more rapid de­

crease in microdeformation properties in comparison to macrodefonnation 

properties with overaging. Transmission foils of the solution annealed 

and standard 90-minute aged caterial were examined. Representative structures 

are shown in Figures 3 and km The interior region of grains has the "tveady" 

structure 3een in Figure 3- This corresponds to the aging behavior previously 
(7) reported by German investigators- However, in regions adjacent to grain 

boundaries, as Figure k shows, the precipitation reactiu; is discontinuous. 

Apparently, enhanced diffusion or nucleation near grain toundaries is allowing 
(7) precipitation of the stable v phase NiBe. ' 

That this structure near boundaries is weaker than the grain interior 

structure is indicated by the scanning electron fractography pictures in 

Figure 5. At low magnification the fracture surface appears as a typical 

brittle intergranular failure mode with very little ductility in the mate­

rial, Figure 5a. However, when the magnification is increased, a dimple 

rupture type structure is seen to be imposed on the intergranular failure 

mode. Figure 5b. These dimple ruptures indicate a ductile failure. These 

observations can be interpreted as meaning that failure has occurred in the 

localized, relatively soft grain boundary phases by microvoid formation 

around the large y particles in this region* 

The proportion of the structure transformed to this lower strength 

phase increases with aging time. This increased fraction of low strength 

phase accounts for the more rapid over-aging of the micro^yield properties 

for the following reason: It is generally believed that the onset of 
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i u: 

Figure h: Transmission electron micrograph of structure 
at a grain boundary for bery11IUE-nickel alloy 
khOt condition AT. 



(a) 63X 

(b) 630X 

Figure 5: Scanning electron nicrograpbo or the fracture 
Gurfaee of a berylliun-nickel alloy W*0 sasple, 
in i t i a l condition AT. 

21 

i * 
_^' 



plastic defamation occurs at grain boundaries through grain boundary 

eliding and the increasing amount of the lower strength phase would allow 

greater Reformation near boundaries at a lower stress- The cacro-yield 

•mine doeG not drop as rapidly due to the fact that slip will probably 

occur throughout the grains during macrodeforcAtion. The high strength 

phase C.T the grain interiors should not weaken significantly vith the in­

creased aging tices studied in this work since electron diffraction sh-:..s 

n:> significant change of structure, even for the longest aging tines studied* 

Ko studies of the effect of aging on stress relaxation behavior were 

ciade. This was due to the observation that times for peak strengths relative 

to both cicro- and macro-yield are approximately equal- Treatments other 

than the standard aging would probably not give significantly improved 

stress relaxation resistance when account is taken of the level of tempera­

ture and tize control achieved by commercial heat treaters, 

2) Effects of Applied Stress on Stress Relaxation: The effect of 

initial applied stress on the relaxation behavior was studied at room tern-

perature over the range of 150 KSI (1,03 GPa) to Sk2 KSI (1.65 GPa). Before 

presenting the results, an outline is given of the type of model that is 

generally employed to characterize stress relaxation or transient creep in 

the temperature region of less than one-third the absolute melting temperature-

Recovery can be discounted as a significant contribution to the creep 

process in this temperature regime. 

A codel can be constructed to accurately describe In parametric terms 

the behavior of a material during stress relaxation. Generally it is 

assumed that deformation occurs by stress-assisted thermal activation of 

dislocation segments. Stress relaxation is, in fact, plastic deformation 

through the simple relation, 



S = c E fl) 
P 

where e is the plastic strain rate, o is the aeasured stress relaxation 

rate and K is young's Modulus- When crosshead position control is used 

(conventional Instron testa), the cachine stiffness has a significant effect 

or. the amount of strain that is occurring and cust be taken into account in 

E!q, ( l ) , by changing the effective modulus. 

The solid is divided into subvoluses of a length L on a side. The area 
2 

L is the asiniHUEi area a dislocation v i l l sweep out and not return to i ts 

pre vie * s position. If o is the applied stress and o. is scrae long-range 

back stress resisting motion of the dislocation and not sureountable by 

thermal activation, then the additional energy vhich must be supplied in 

sweeping the dislocation of length L across a distance L is 

V = U + bL8[© - o) * u - bL20 . f-2) 

Here U is the energy required to overcome the resistance to deformation 

due to the short-range hardening JEechanicn, a is the effective stress 

acting to aid the overcoming cf the short-range barrier and b is the 

burger's vector- The precise nature of the barrier in th« Kl-Be alloy is 

not known! out is probably the cutting of a dislocation through a precipitate 

particle. During stress relaxation, the long-range htrdening stress can 

be increased due to strain hardening so that 

o e * c ° - H e p (3) 

where e is plastic strain and &e is the effective strew at the start of 

a relaxation. It is assumed that H, the vork^hardening rate during a 

relaxation, is equal to the slope of the stress-strain curve Just prior to 



the start of the relaxation. This assumption Is reasonable since the flow 

stress of lli-Be is not particularly strain rate sensitive. 

The decrease in applied stress during the relaxation also reduces the 
effective stress. Thus, the effective stress during a relaxation varies as 

°e = °e ' G p C H * J , ) ( M 

According to rate theory, the probability that a given dislocation 
segment will be thermally activated over a barrier in unit time is v' exp-
(W/kT). v' is a vibrational frequency of the dislocation (v' *? 10 to 

10 /sec). The 3train produced per unit voluoe by one dislocation segment 
- 2 moving ts approximately bL . An equation fur strain rate during relaxation 

can thus be formulated as 

e = ^ - «xp - w/w (5) 

^^^.r-^i-v-'! 
Integration of this equation vith respect to tise gives a relation for the 

strain of e = A log fl • Bt) where 
P 

« (7) 
bL 2 (H + E) 

and 

B = _i L tgcp . _ _ j ( 8 ) 

Converting to change in stress during relaxation elves 



Uf =- EA lc« (1 + Bt) (9) 

The results of the stress relaxation experiments are plotted In Figure 

6 as percent stress relaxed versus the logarithm of time. In general, all 
the resultJ for initial stresses ranging ft-om 150 KSI (1,03 GPa) to £**2 KSI 

(1,65 GPa) behave linearly with respect to log time. There is, however, a 

significant increase in the slope of the curves with increasing applied 

initial stress. 

There are a number of terns in equation 9 that can vary as the initial 

stress is increased to higher levels. Those possibly varying are U, L, a 

and H. Using data from, the present experiments alone* variations in U, L, 

or a cannot be determined with any degree of certainty. However, measured 

values of H are given in Table III along with the initial atrain and pre­

dicted relaxations after one year based on extrapolation of the data in 

Figure 6. In addition, earlier more extensive experiments on beryllium 

structurally 
(q\ very similar material/^ 

Attempts were made to replot the data in Figure 6, normalized to 

account for the changes in H. Cnly at very low stressea or high values of 

H did the correction Improve the fit of the data to the model. In 

beryllium-copper alloy £5, L was shown to decrease with increasing applied 
(a) stress. -" This variation correctly accounts for the lncreaaed slope of 

the stress relaxation curves in Figure 6 with applied stresa* 

The type of model developed here does describe the behavior of 

beryllium copper for times up to a year. ^ Therefore, the predictions 

in Table III of long-term room temperature relaxation arc baaed both on 

previous experimental results and a model which accurately predicts material 

behavior. 
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Figure 6: The effect of i n i t i a l s t ress on room temperature 
s t ress relaxation behavior of beryllium-nickel allov 
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TABIZ III 

tress Relaxation Eata for Berylll ia-Nlckel W*0 
I n i t i a l Condition AT 

ff (ksl) fiO (1 year) 
(P5l) 

150 2000 

180 3000 
206 570O 

218 91*00 
22U 10200 

232 12200 

236 13500 

2k2 15000 

2k6 16200 

251 17500 

H (vsl) 

3.06 x 1 0 7 

2.50 x 1 0 7 

1.25 x 1 0 7 

7.20 x 1 0 6 

U,37 x 1 0 6 

2.50 x 10 

1.60 x 10 

1.01 x 1 0 6 

6.1*0 x 10 5 

3.60 x 10 5 



Fig-ore 7 shous the effect of Initial condition an the stress relaxation 

behavior of alloy UhO* The AT caterial is aged £ran the fully annealed 

condition while the HT material is aged from the kCff> cold-worked condition. 

There is very little difference in the rate cf relaxation for the materials-

The initial stress in both cM&ea Is below the nominal yield strength. In 

this relatively low stress regime it might be aeetuaed that deformation in 

both conditions is cortrolled by the same mechanism - probably shearing 

of precipitates. If deformation in both conditions vere controlled by the 

some mechanism, it would not be surprising that the relaxation rates vere 

approximately equal despite different ...±tial conditions. The slightly 
higher relaxation rate in the HT material oay be due to the larger dis­
location density initially present* 

3) Temperature Effects: Yield Behavior* The effect of te*nperature 
on the proportional limit, 0.2£ offset yield strength and ultimate tensile 
strength is shown in Figure 8 for alloy IAo in both the AT and HT conditions. 
All three variables decrease -with increasing temperature at apprcociicately 

i 

the sace rate for both alloy conditions. Tt is interesting to note that, 

while the proportional limit and yteld strength differ greatly for AT and 

HT, the difference in ultimate strength for the two conditions is much less 

marked. In comparison, Figures 9 **id 10 present the same data for Neyoro 

G and Paliney 7* respectively. The strengths of both alloys are considerably 

lower than the alloy W*0» The reduced temperature sensitivity of the macro-

yield properties of Neyoro G agrees with our earlier York comparing the 

temperature dependence of the miero^yield properties for the tvo alloys. *' 

(The strengthening mechanism in Neyoro G is thought to be an order "type 

hardening vhicri may be less sensitive to temperature than precipitate 

shearing*) 
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h) Temperature Effects: Stress Relaxation Behavior* Tne temperature 

dependence of the stress relaxation behavior of alley kko AT is shown in 

Figure 11. Relaxation is seen both at room temperature and 200°C> though 

not at a rate that would cause concern for electrical contact design* 

Extrapolation c* the data would predict only a few percent relaxation after 

years of service. Such an extrapolation is reasonable and prudent since 

the model presented earlier correctly predicts the increased relaxation rate 

at elevated temperatures. The test temperature is still low enough that 

the physical assmnptions made in the model remain correct in alloy W>, 

The fairly large amount of scatter in the results is due to tooth the 

relatively small stress changes involved and room temperature fluctuations 

during test* 

In comparison, Figure 12 shows stress relaxatior behavior at 200°C 

for Neyoro G and paliney 7. Because of these alloys lower relative strength, 

the tests were performed at 100 KSI (690 MPa) initial stress. The two alloys 

vary greatly In the amount of stress relaxation with the Neyoro G relaxing 

about six times as touch as the Paliney 7 after 10 minutes testing. The 

fleyoro C does have a slightly lower yield strength at 200*C as shown in 

Figures 8 and 9- In addition, Neyoro G is a gold, base alloy and has a 
solidus temperature of 930*C whereas Faliney 7 is a palladium base alloy 
and has a higher solidus tenrperature of 10l6&C. Models which predict 

logarithmic stress relaxation behavior as observed in all the alloys at 

room temperature begin to lose their applicability at temperatures above 

about 0.3 to 0,k T » where T is the absolute melting temperature. The 

200QC teat temperature is in that range of teinperature for both alloys. 

The apparent deviation from the predicted linear behavior with log tioe 

shown by the Neyoro G at £00*0 in Figure 12 probably indicates that 

33 
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recovery isechanisms are beginning t o be an important par t of th& deformation 

process m The lov terrperature deformatior model presented e a r l i e r which 

contains only work-hardening and no recovery Is then no longer va l id . Data 

frar. the Hey Company give indicat ion of s imilar b e h a v i o r / ' though t he i r 

r e s u l t s show \ieyoro G relaxing t o even g rea t e r extants than found here . 

They appear to have used samples t ha t had undergone a d i f ferent heat t r e a t ­

ment than the standard heat treatment which we enployed. Based on ^e r e ­

su l t s r'rco both s t u d i e s , i t i s obvious tha t Faliney 7 i s b e t t e r than 

rieyoro G for elevated temperature se rv ices . Alloy UhO its c lea r ly superior 

tj b^th Hey al loys at elevated temperature w 

CONCLUSIONS 

The following conclusions can be drawn from the r e s u l t s : 

1) Fror. a mechanical proper t ies s tandpoint , beryll ium-nickel a l loy kho 

i s equal or superior t o the normally used Neyoro G and Paliney 7 for e l e c t r i c a l 

spring contact appl icat ions under normal Sandia requirements, 

2} For elevated temperature app l i ca t ions , the mechanical proper t ies 

of beryll ium-nickel a l loy UUo are c lear ly super ior . Paliney 7 Is superior 

t o tteyoro G, 

3) There i s a measurable difference in heat t r e a t i n g k ine t i c s for the 

microyield and macroyield behavior in the beryl l ium-nickel . The magnitude 

of the difference i s small so t h a t for p r a c t i c a l purposes batch t o batch 

var ia t ions in a nornal heat t r e a t operation would mask the e f f ec t s . Thus, 

the aging of a l loy W*0 for times and temperaxures other than manufacturers 

recommendations i s unnecessary. 

1+) Macrodeformation behavior does appear t o be a reasonable predic tor 

of the more d i f f i cu l t y measured microdefonnation behavior which i s important 

for spring contact o a t e r i a l s . 

file:///ieyoro


5) A model vas presented based on acund physical descr ipt ions of the 

processes involved in s t r e s s re laxat ion whinh correc t ly predicts the t ine 

dependence of s t r e s s re laxat ion a t rood temperature- This a l lovs extra^ 

polation of our r e l a t i ve ly short t e rn t e s t s to predict the long t e n : be­

havior of the a l loys when stored in a s t ressed s t a t e , 

ACKT/OtftEEGMEI-TS 

w. r, Koone a s s i s t e d v i t h the mechanical t e s t i n g program. The t r a n s ­

mission e lec t ron microcopy work of C ft. Hills and the scanning microscopy 

vork of i : . F, I n l i e r e are a l s o acknowledged. The c r i t i c a l cosnents of the 

reviewers J , C, Swearengen I I and J , A„ Von Den Avyle were c o s t use fu l -



REPERKBCES 

:., r . a'-LT^Ll as.a i . W. Tipping, "On Cliooalne Spring ?fet«rial£ i'or 
T!,O M< " M?al ' a - tac t : ; In the MC 2897 r e c e l o r o t i o n ;1vlt<rh," s*U 7 ^ - ^ P ' i , 

: , , . iMirell ana I* W- Tipping, "An gvt iwii tot* *:' TJOTO Cor.-^rcLftl 
;ru-tc .Liikel Alloyc for E l e c t r i c a l Contacts In a *<eee l e n t ion i i / t l c n / ' 

" . • e r : l ! i n l i - ^ l A l i o / ****(> Product 1'ata," F i l e :;u=*>er 3062-PPIA. 
f -av^i i i - i i t ryluj ,::aiUiLrles, Hew York, 

":;*;. r*!**rclouiB '*>tai Contac t s , " -I. M. Hey Company, b l o o a l l c l d . Conn. 

/ , .. *r.i :• *-.'., -''^ '* neop las t i c Behavior of Severa l IrecioiiB Metal 
iecri't-'o.L : * tac t A l loys , 1 , It/r"' "ranc. on ^artfl , Hynrido and Pack-

* * K t ' , n r - 1 1 , 29 . '-larch 1975-

1 . v, iFurdLtrorc ai.a a. W. Fohde, "!!echanlcal Proper t ies and f t r e c s 
! ie ia*at i in ai* fccrylliun-Oopper 2 5 , " SC*CB-72CA71f August 1/72, 

Saer, Hans fiunter an=1 PTeiffer , C. 7 . , tatallkurae, 61*f 7**0 (197°)-

, i . wer taan, "Mechanical P roper t i e s 1 1 / Physical Metallurgy ed. by 
R, w ( Cahn, 969 ( 1 9 ^ 0 American E l sev io r , New York. 

S, w¥ Aohde and l \ V. Uordstroa, "St ress Relaxation oV a Copper-1-^7 
vt.^j Iterylliu:* A H J J , ' I t e t e r i a l Science and ^p- jnegr ingt 12 . 179 (1971). 

T. V, Uordstrou and ft. H. ftofcde, "Mechanical JYoprr t ies and s t r e s s , 
RelojcaiLon 01" Beryllium-Copper 2 5 , " SC-DR-720li71. 

"Elevated Temperature Relaxation of Hey A l l o y s / ' Technical Bul le t in 
A-65, i. M. Ney iToMpany, Bloomfield, Conn-


