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ABSTRACT

The major purpose of this wory was to determine whether berylliur.

nickel alloy 440 had rechanical properties which cede i1t suitable as a sub-

stitute for the presently used precious metal contmet alloya Paliney 7 and

ileyoro G, In certain electrliceal contact applicaticons., Possible aresc ol

applicablility for the alloy were where extrenely low contaet reclstance was

not necessary or in ccrpoments encountering elevated temperatures above

those presently seen in weapons applications,

Evaluation of the elloy invalved three cajor expericeatal areas: 1)

6

reaswrement of the room teopersature microplestlice (€ ~ 107

) and macro-

plastic 72 ~ 10'3) cehavior of slloy LU0 {n various age hardening conditions,

2) determination of applied atrese elfects on stressg relaxation or contact

force loss and 3) ceasurecent of elevated temperature mechanical praperties

and stress relaxation behavior., Similar zeasurcments were

Seyrro G and Paliney 7 for comparisom,

also cade on

The primary results of tre study shuw that beryllius-nickel alloy L4D

1s {rom a mechanlcal propertles standpoint, equal or superior to the

presently used Paliney 7 and Neyoro G for normal Sandia requirements., For

elevated temperature applications, alloy Li0 has clearly superioc- mechanical

properties.
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IISTRODUCTION

t.lectrical nyring contoet cycteos in Sandie components exploay high
strenetty, hiph conduetivity preciocus metal base alloys, EBecause of rapidly
rizing ¢osts due to price increases for gold and palladiur, designers ex-
presced & desire to explore possible non-preciocus metal base materials whieh
cauld b2 cupstituted at & substantial cost saving, A =ajor constraint
vlaged 9 celection of any new caterialc, however, ic the requirecent that
rmitaczt recistance be low engugh that preciocus zetal plating of the contact
Drounnecessary. froblems with obtalrning consistently high gquality pleting
vroducty Urom suppliers eauwsed this restraint, A second remson for interest
in Impraves contact =aterials 1is that some naw Initietives progrécs are
rclying upos. cxmponents foy hilgh lexmperature operation where cimtact -atew

1gls with slevated tezperature zechanical stabllity superior to prosent
zaterials ave needed,

Tne ygcneral regquirezents ol high sirerngth And reascsakble conductivity
Limited the number of candldate caterials sigrificantly. The reguirement
vor no plating further lieited the selection., lilckel-bece elloys sppeared
to be the principal mroup of materials why h might £111 all the qualifications,

(1,2

York by R, =, Cuthrell has caatirced the relatively low eontact re-

—— e am - ——

gistance in the unplated condition for nickel alloys,

One of the nost attractive alloys from the stm.dpoint of strength anid
conductivity 1is berylliu=-nickel Alloy hhﬂ.:g 1t 18 a nickel-1,95 wt.,=
verylliwm, 0,50 wt,% titaniupm alloy. Typlcal properties for the alloy are
given in Table 1{3) along with coanparative properties for leyoro G and

Paliney 7,(h] the two alloys presently used in spring contacts. liote that

®:’.awecki-ﬂer:,rlcu Industries, Reading, Pa.
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Conductivity
g, IACS

Modulus of
Elaaticity
(PSI)

Yield
Strength
(0.24, offset)
(PSI)

Tenslle
Strength

(PSI)

Elongation
(pet)

Fatigue Strength
(107 - 10° cyeles)

(T = 25°C)

TABLE 1

Min Imum __lh:pnrfn__aﬁnpe_ﬁies for Three C_u?lt__act Alloys

Be-li Alloy LLO

Condition AT Condition HT

T

27 x 10
(186 GPa)

150,000
(1.03 GPs)

215,000
(1,46 GPa)

HA

[A

T x 10
(186 GPa)

230,000
(1.58 GPa)

276,000

(1.86 GPa)

15, O
(.05 GPa)

Peliney 7

Heat Treated

S5k

17 » 10
(117 GPa)

110,000
(0.75 GPa)

165,000

(1.15 GPa)

50,007
(.3% GPa)

Hexaru G
Egyditinn &E Conditlian HT

12,2

HA

HA

150,000
(1.03 GPa)

30,000
{,21 GPu)




alloy 440 is equal or superior in all pertinent properties. Alloy LLO can
be strengthened both by cold-working and sge-hardening., While gencral r~e-
chienical properties are available from the zmanufacturer for alloy 44qQ,
nelther microdefor=aticn, strecs relaxation behaviar nor the tezperature
dependence aof rechanical propertiec for the alloy are well cstablisned,
£11 o these properties ars 1pportant for using any ceterial with confldencs
in a spring contact where long term storage under gtrearc 4s coe—om.

Frpericents were devlised to keasure properties related to three —aln
arcns; 8gling studles, applied stress responge and storage tesperature
of'fects., =ach will be deacribed 1in tumn.

1) Aging studles: samples of Be«lil slloy 440 were sged for tires
ranglng from 15 to 240 minutes (gupplier recor—ended tire, 90 rinutes' a%

6

510°C. Subsequently, .he nicroplestic (€ ~ 10~ plestic) and rcacro-

plastie (: -10'3 plastic) deformation behaviar of the samples were

nmeusured., These tests were performned in order to eveluate the kinetiecs af

the developzent of mieroyield strength. Microdeformetion behavior I Im.
portunt to spring contact behavior but 1f it 15 possible to use =acro-
plastic behaviar to evaluate spring cateriels, then expericental provlerss
would be cased considerably. The preclsion required to perform zicrode-
formation experiments pakes them very tedious and time consuming.

2] Applied stress effects: relatively long term room tesperature ten-
sile stress relaxation experiments were perforced on Be-N1 alloy 440 in
the stendard age hardened conditions at an initiel stress of 200 KSI
(1.38 GPa). Also, short term stress relaxation tests wer: performed over
the renge of 150-240 KSI (1.03-1.65 GPa) initial stresses. The results

of the ralaxation tests are compared to earlier resultas for Neyoro (G and

raliney T, With these experiments, it was hoped that the resistance of

aad e

11
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the a2loy to contact force 1958 durlng long term storage under streas

could be evalunted.

3} Test tezperature effects: relotively locg term tenzile relaxaticn.
experiments were performed at 200°C on the LLO alloy, Heyoro G and Paliney
7. The LLO alloy was tested at an Initiel stress of 150 KST (1.03 GPa) and
the two iley alloys were tested at a3 Initiael atress of 100 K57 (6w w“mal,
This §5 due to the lower overall strength of the liey alloyn as showm in
7able I, Alco, tensile test ceasurezents were made of the proportianal
14-¢t, (P.L.); 0.25 offset yiecld strength, (a&). and ultirnte tencile
strength, (5‘15}' for all three alloy2 over the tezperature range -1 ?”
to 220°C. Thepe zeasurer=enta were all directed at egtablishing the cerits

a7 the thres alloys relntive to mechanical stability In an elevated tezpera-

ture enviror—ent.

tX PERIMENTAL PROCECURE
kerylliu=-nickel alloy LLO atrip was obtained fro= Kawecki-Berylco

Tndustries. The zaterial was 0.040" (1 ==) thick by 1" (25,4 n=) wide and
was 1n both the solution annealed and quenched condition (condition A) and
in the solution annealed, quenched and cold-worked L4O% conditicn {conditior
), The cnerical compnsition 18 preserted in Table 1I. Standard tenscile
sarples were zmachined with a gege section of 0.25" (6.35 =) by 0.0k0"

(1 =) and gage lengtk of 1.50” (38 =), ALl age harcdeni.; heat treatrents

were performed in a forming ges atmosphere (93% Hz, ™ Hz) to reduce

oxidaticn of the samples, Temperature was controlled over the length of
the sample to better than *2°C. Specific details of the procedures
followed in the mechanjcal testing are presented in the following three

sections,
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TABLE 11

i — ——

Compasition af Berylliwm~Hickel Alloys T

Initin}
Condition A

Initial
Condiltion K

1.89

1.90

12

.06

.10

B ¢ oy Ti cr Mg N4

p—

< ,001 027 001 AT .06 .003 Bal,

< 00 058 .00) L6 Lol 006 Bal,
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1) ticrodeforration Exvericents: The details oL the miceradefcrmation
experipents and the necessary control levels heve been cutlined in detadl
ﬂlEEHhEIE.(5) High resolution, resictance straln gsges are bonded oo
opposite sides of the sample. Output fram the geges 1s arplitied such tiuat
2 s5train resolutiom of 10'7 is obtaired, however, the accurary of the
~eegurecent 15 ruch lower (23 x 10'6). The sa=ples are {irct preloaded a
srall agount O X5I, 69 MPa) then loaded to w higher level of streas and
subsequently r turned to the bese stress. Any cherpge in strain output 15
reasyred, The saxples are loaded in thiz fashion to peogressivel; 1:.-

areasing levels of stress. The data 18 presented as the strerc r«sceccary

6

to obtain plastic strains of 10 x 10"~ (10 oicrostrain) apd 107 x 10

1C0 micrestrain},

2) Stress Relaxation Experiments: The room texmperature ztrcos re-
iaxation expericants were performed on & closed loop electrahyiraulic
tensile teating mAachine operating under ntreir contreol. Strain was emitored
using a Micromeasurepents #EP-08-~062AQ-350 otrailn gage attached to the gage
section with Mbond 610 adhesive.* These gages are gpecificaliy designed
for plastic strain measurements and thus streis relaxations wWere carried
out following plastic strains of up to 9%. The roos temperfture was con-
stant to within #3°C, The sample temperature was held to =1°C by encasing
sample and grips in a foam insulsting jacket. The tests conducted at 200°C
wvere performed on en Instron machine using consvint erosshead displacement.,
Detalls of the temperat we betn used hsav= peen pregsented in an earlier
“epcrt.(ﬁ) All samples were loaded to the initiml stress value at a

constant crosshead displacement or straln rate of .02"/min (.5 mm/min}.

N — e

»
Micromeasurements Manufacturing Compeny, Romulus, Michigan,



3 Tensile Testzs: All of the tensile tests were perforzed ¢ an In-
stron cachine at & comstant proscheepd displacesent of 1,02 inf~in .5 —=/zin .
‘tral:n wor meacuped using an Inctron 17 <107 elevated temperature clip gege,
=xiel 351-114A. The tects above raom texperature were perfor—ed in a rea
sistance neated gilicone 21l bath, The tests at -50°C were conducted ir
nn nleohol batn conled by pascing liquid mitrogen through a capper coll

i=xerced in the alcchnal, For tests at -190°C the specirens were irmwersed

iIn 183uid nitrogen.

KESULTS AND CISCUES1cH

ine resulic ere arganized in the sarce gequence aa preaentec in the
introduciion: aging studies, applied stress effectt, and test tezrerature
el'tects.,

1} Aging Studies: The effect of eging tire at 510°C on deformution
resictance 1s chown Ir Zigures 1 and 2. The behavior 13 typical of age
aardening systezs with the strength rising rapidly at short eging tires
ther falling at longer aglng tices, The stundard aging treatrent rI'or thé
solution annealed z=aterial is SQ-mir-tes t 3510°C. Figure 1 showa that
this tipe corresponds to the maximm strength “or the co—only zeasured
values of the 0,25 offsei yield strength and ylticate tensile strengch.
For the micro-yield properties Zeascured in the present study, Flgure ) in-
dicates that over-aging, and & consequent slight reduction in the nicro-
deforzation resistance, begins at tiges or 90 minutes and mare. The etfect
1s small, however, and probably would not sign#icantly affect the spring
properties of the alloy.

Far the colli-worked and eged material there if also an over-sging
and weakening behaviar for the microdefcrmation properties vhereas the

macrodefommation resistance begins to deerease only for the longest aging tirmes,

15
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STRESS tKS1)

300

Ni-8e ALLOY 440 INITIAL CONDITION A 2.0
275 Lg
/"’v\\ 1.8
250 ULTIMATE STRENGTH 17
L6
225
1.5
a
200 0.2 PCT. OFFSET YIELD 1.4
8
- 1.3
175 .
L)
150
o 100 M1CROSTRAIN .0
0 ° ® Jes
5 % © 0 .
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o —— o 0
0 3 8 9% 120 1B 18 20 240

AGING TIME {min)

Figure 1; The effect of aglng time at 510°C on the roou
temperature mechanical properties of beryllium-
nickel alloy 440, initial conditien A,

STRESS (GPa)
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150
i 1.0
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AGING TIME {min)

Figure 2: The effect of aging time at 510°C on the roam
temperature mechanical properties of berylilum-
nieckel alloy 440, initiel candition H.
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Again, the standard SC-minute age 15 probably the »ost sultable for an op-
timum strength behavior,

Transmission electron microiacooy and secanning electron fractography
investigations were performed to ascertaln a cause of the more rapid de~
crease in microdefarmation propertles in comparison to macrodeformation
properties with overaging. Transmission foila of the solution annealed
and standard 90-minute aged caterial were examined., Representative :structures
ere shown in Figures 3 and 4, The interior region of graine has the "tweady™
structure seen in Figure 3. This carresponds to the aging behavior previously
reported by German investigﬂturﬂ.(7) However, in regions adjacent to grain
boundarier, as Figure 4 shows, the precipitation reactio: 1s discontinuous.
Apperently, enhanced dirfusion or nucleation near grain toundaries is allowing
precipitation of the stzble y phase NiBE-(T)

That thls structure ne&r boundaries 1s weaker then the graln interior
structure 1s indicated by the scanning electron fractogrephy pictures in
Flgure 5. At low magnification the fructure surface appears 85 & typicel
brittle intergranular fallure mode with very little ductility in the mate-
rizl, Figure 5a. However, when the magnificetion 1s increased, a dimple
rupture type structure is seen to be lmposed on the intergranulaxr failure
rode, Figure 5b, These dimple ruptures indicete 4 duetile fajlure, These
observations can te interpreted asa meaning that fajlure has cceurred in the
localized, relatively soft grain boundary phases by miercvold formationm
eround the large ¥y partlcles in thils reglion.

The proporticn of the structure transformed to this lower strength
phase Inereases with aging time. This increased fraction of low strength
phase accounts for the more rapld over-aging of the micro-yleld properties

for the following reason: It is generally belleved that the cnset of
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Transmission electron olerograpn of the graln
interior structure of herylljiur-nickel alloy

LkQ, condition AT.
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Figure 4: Trensmission electron micrograp: of structure
at a grain boundary for berylliur-nickel alloy
440, conditiou AT.
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(a) 63X

(b) 630K

Figure S: Scanning clectran plcrographs of the fracture

21
surface of a berylliumenickel alloy WO sazple,
initial ccndition AT,
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plastic deformation oceurs at grain boundaries through grain boundary
sliding and the increnaing ezount of the lower strength phagde would allow
greater leforzation near boundaries at a lower stress, The cacro-yleld

mlue does not drop as rapidly due to the fagt that slip will probably

occur throughout the grains during racrodeforration, The high strength

phase ¢. the grain {znteriors ghould not weaken significantly with the in-
creacsed aging tlces studied in this work since electron diffractiorn sh-.s

nd> algnificant change of ctructure, even £or the longest aging tices studled,

10 studies of the effeect of aging on stress relaxation behavior were
made. This was due to the observation that times for peak strengths relative
to both =icro- and oacro-yield are approxirately equal. Treatzents other
than tne standard aging would prcbsbly not give significantly improved
stress relaxation resistance when account s taken of the level of tempera-
ture and time control achieved by comzercial heat treaters,

2) Effects of Applied Stress on Stress Relaxation: The effect of
initial applied stress con the relaxation behavior was etudied at room tgm-
perature over the range of 150 KSI (1.03 GPa) to 242 KSI (1.59 GPa). Before
prosenting the results, an outline is glven of the type of model that is
generally employed to characterlze stress relaxation or transient creep in
the temperature region of less than one-third the avsolute melting temperature.
Recovery can be discounted as a significant contribution to the ¢reep
process in this temperature regime.

A nodel can he constructed to accurately describe in parametric terms
the behavior of a material during atress relaxation. Generally it is
assured that deformation occurs by gtress-assisted thermal activation of
dislocation segments. GStress relaxation Is, in fact, plastic deformetion

through the simple relstion,



&:;:E {1)
P

vhere Ep 15 the plastis strain rate, g is the zeasyyed stresc relaxgtiom
rete and E ¢ Young's Modulus. When crosshead positicn contrel is used
(conventional Instron tests), the rachine stiffnes2 has a significant effect
o the amownt of strain that 1is oceurring mnd cust be taken into eccount in
rq. (1), by changing the effective madulus.

The s0lid is divided into subvolumes of a length L on a side. The area
LE is the minimum area a dislocatiom will sweep out and not return to its

orevics position. If o is the applied stress and g, is soare long-range

i
back stress resisting motion of the dislocation and not surcountable by
thermal activation, then the additional energy which z=ust be sypplied in

sWeeping the disloeation of length L Bcross a distance L is
H=U+EL2[:11-:J)=:U-ELE:!E v

Here U 15 the energy required to overcoms the resistance to deforzaticr.

due to the short-range hardening mwechanicno, e iz the effective =tress

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

burger's vector. The precise nature of the barrier in the {1-Be alloy 1is

not known, but is probably the cutting of a dislocation through a precipitate
particle. During stress relaxation, the lang-range herdening stregs can

be inereesed due to strain hardening sa that

0
g, = 9, - Hcp (3)

where sp is plastie strain and az 1s the effective stress at the start of
a relaxation. It 1is assumed that H, the vork-hardening rate during a

relaxatiot, 1s equal to the slape aof the gtresg-strain curve Just prior to

23



the start of the relaxatisn, This assugption 1s reasoncble since the (low
stress of li-Be is not particularly strain rate sensitive,
Tre decrease in applied stress during the relaxation alno reduces the

effective stress. Thus, the effective stress auring a relaxation varies &s

X
Il

ug - ep{ﬁ > 3) (L)

According to rate theory, the probability that & given dislocation
segment will be thercally activated over a barrier in unit time is v’ exp-
{vi/kT), v’ 18 n vibrational frequency of the dislocation (v = 1010 to
lDllfﬂEE). The strein produced per unit volure by one dislocation segmrent
moving 1a approxircately ELE. An equation fur strain rate during relaxation

can thus be formulated as

i 2
c=ubL exp -~ W/kT (5)
3
Y ‘U-FLEa:-;::P(H+E)f
E:T&xp-l - KT l (6)

Integration of this equaticn with reapect to tize gives a relation for the

streiln of € = A log {1 + Bt) where

P
A= (7)
vl (H + E)
and
-2 0
N (0 m_|”"’1""cf (8)
= xT | xT ‘

Converting to change in stress during relaxsation gives



{0 = EA log {1 + Bt) )

The results of the stress relsxation experiments are plotted in Figure
O ag percent stress relaxed versus the logaritho of time. In general, all
the results for initisal stresses ranging from 150 KST (1.93 GPa} to 2k2 K5I
{1.05 GPa) behave linearly with respect to log time, There i3, hawever, o
significant increase in the sglope of the curves with increasing applied
iritial stress.

There are a number of terms in equation & that can vary as the initiel
stress 15 increased to higher levels, Those pessibly varying are U, L, ﬂz
and H, Using data from the precent experizents alone, variations in U, L,
or a: cannot be determined with any degree of certainty. However, peasured
values of H are given in Table IIT along with the initiel atreio and pre-
dicted relax<tioas after one year based on extrapolation of the data in
Figure 6, I addition, earlier more extensive experiments on beryllium
copper alloy 25 have ceasured cheqges in the other terms in that atructurally
very similar n&terial.(gj

Attempts Wwere made to replot the data in Figure £, normalized to
account for the changes in H, Cnly at very low stresses or high values of
H did the correctlon improve the fit of the data to the model, In
beryllivm-copper alloy 25, L was shown to decrease with increasing applied
stresﬂ.(9> This varlation correctly accounts for the incresned slope of
the siress relsxation curves in Figure € with applied streas.

The type of model develcped here does degseribe the behavior of

(10) Therefaore, the predictions

beryllium copper for times up to a year.
in Table III of long~teym room temperature relsxation are based both on

previous experimental results and & model which accurately predicts material

behavior.



PERCENT STRESS RELAXATION

o " 236 XS}

450
° (163 GPa) g = B2 Ks} (1.5 GPa)

~ 242 KSI
4.00 () & GPal.s o, 724 KSY (LS9 GPa)
aq " 218 KS|
3.50 (1.47 GPa}
3.00 | A « 200 KS§
1.4 GP3)
2.50
2.0 A 200 KS|
{1.37 GPa)
n o " 185 KS)
. y 0 (1.3 GPa)
o. * 150 KSI
.00 § ? (1 6Pa)
0.5¢) Ot
L/
&
0. 00 o=
; 7 3 2 5

LOG TIME {min)

Figure 6: The effect of initial stress on room tenperature
Stress relaxation behavior of beryllium-nickel alloy
LLO, inatial econdition AT,



TABIE III

= Ztrecs nelsxetian Late for Beryll=-liickel LLO

_Init.it& Condition AT

G (ksi)

150
180
206
218
22k
232
236
242
246
251

3 (1 year)

(psi)

2000
3000
2700
6400

10200

12200

13500

15000

16200

17560

H jEEiE
3,06 x 10

N

2.50 x 10

=

1.25 x 10

o

7.20 x 10

n

4,37 2 10

oy

2,50 x 10

vl

1.60 x 10

Loy

1.01 x 10
6.50 x 10°
3.60 x 105

a7
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Figare 7 shous the e®fect of initial condition on the stress relexation
behavior of alloy LLUO, The AT raterial is aged from the fully annesled
condition while the HT material is sged from the 40% cold-worked conditicm,
There 1s very little difference in the rate cf relaxation for the materials.
The initial stresg in both cases 15 below the nominal yield strength., In
this relatively low stress regirme it might be arsumed that deformation in
both zonditions iz cortrolled by the same mechanism - probably shearing
of preclpitates. If deformation in both conditicns were controlled by the
same rechanism, 1t would not be surprising that the relaxstion rates were
approximately equal despite different .. .itisl conditiona, The slightly
higher relaxation rate in the HT material may be due to the larger dis-
location density initially present.

3) Temperature Effects: Yield Behavior. The effect of temperature
on the proportional limit, 0.2¢ offset yield strength and ultimate tensile
strength is shown in Figure 8 for alloy W40 in both the AT and HT conditions,
All three variables decrease with increasing Lemperatiae at approximately
the sare rate for both alloy conditlona, Tt 18 interesting to note that,
while the proportional iimit and yleld strength differ greatly for AT and
HT, the difference in unltimate strength for the two conditions is much lens
marked, 1In comparison, Figures 9 and 10 preaent the zame data for Neyoro
G and Paliney 7, respectively. The atrengths of both alloys are considerably
lower than the alloy 4O, The reduced temperature mensitivity of the rwacro-
yleld properties of NHeyoro G agrees with our earlier work camparing the
temperature dependence of the micro-yield properties for the two ullnyﬂ.(S}
(The strengthening mechanism in Neyoro G is thought to be an order type

hardening whicn may be less senaitive to temperature than precipitate

shearing. )
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4) Texperature Effects: Stress Relaxation Behavior, Tne texperature
dependence of the stress relaxation behavior of allcy &40 AT 1s showm in
Figure 11. Relsxation 1s seen both At room temrerature awnd 200°C, though

noet at 4 rate that would cause conecern far electrical contact design.
Fxtrapolation c¢™ the data would prediet only a few percent relaxation after
yeara of gervice. OSuth an extrapolbtion 1s reascnable apd prudent since
the model presented earlier correctly predicts the increased relaxation rate
at elevnted temperatures, The test temperature 1s still low enocugh that
the physical assumptions made in the model remain correct in alloy LLO,
The falrly lurge azount of scatter in the results is due to both the
relatively small streas changes Involved and room temperature fluctusticons
during test.

In comparison, Flgure 12 shows streas relaxatior behavior at 200°C
for Neyoro G and pPsliney 7. Because of these alloys lower relative gtrength,
the teste were performed at 100 KSI (690 (MPa) Initiel stress, The two alloys
vary greatly in the amcunt of stress relaxatiaon with the Neyoro G relaxing
ahout 8ix times as wuch as the Paliney T after lﬂh minutes testing. The
Neyoro G does have a slightly lower yield atrength st 200°C as shown in
Figures 8 and 9. In &ddition, Neyoro G is & gold bmse alloy and has a
solidus temperature of 930°C whereas Paliney 7 i8 e Palladium base alloy
and has a higher solidus temperature of 1016°C. Models which predict
logarithmic stress relaxation behavior as observed in all the slloys &t
room temperatutre hegin to lose their applicability st temperatures above
about Q0,3 to 0.4 T where Tﬁ_ia the abaplute melting temperature. The
200°C test temperature is in that range of temperature for both alloys.
The apparent deviation from the nredlicted linear behavior with log tirme

shown by the Neyoro G at 200°C in Figure 12 probahly indicates that

33
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recovery mechaniscs are beginning to be an important part of the deformation
procesg. The low tempersture deformatior nodel presented earlier which

containsg only work~-nardening and no recovery 1 then no longer valld. Data

froc the ey Coxnpany glve Indicatiom of sizilar bEhl?iﬂT,{ll} though their

results show e, 2T0 § relaxing to even greater extants than found here,
They appear 10 have used semplea that had undergone a different heat trest-
zent than the standard heat treatrent which we eoployed. Based an “e re-
sults Trim Loth atudles, 1t 1s Hbvious that FPaliney 7 15 better 1han

weyoro G for elevated texzperature services, Alloy LLO is clearly superior

to both lley alloys at elevated temperature,

COACLUS IONS

The following conclusions can be drawn fro= the results:

1) From & zechanical properties stendpoint, beryllium-nickel alloy Lk0O
is equal or superlor to the normally used Neyoro G end Paliney 7 for electrical
spring contact applications under normal Sandia requirements,

2} For elevated temperature applications, the mechenical mroperties
of beryllium-nickel alloy LLO are clearly superior, Paliney 7 is superior
to Neyoro G,

3) There 1s e measurable difference in heat treating Mnetics for the
microyield end macroyield behavior in the herylllum-nickel. The magnitude
of the difference is srall s8¢ that for practical purposes bateh <o bateh
varlacions in a normal heat treat operation would mask the effecte. Thus,
the eging of alloy L0 for times and temperatures other then mamufacturers
re~ommerdations 1s unnecessary.

4) Macrodeformation behmavior does appear to he & reasonable predictor

of the more difficulty meesured microdeforration behavior which is important

for amring eontact paterials,


file:///ieyoro

5} A rodel was presented based on scund physical descriptions of the
processes invalved in stress relaxatlon whiech correctly predicets the Lire
dependence of stress relaxation at roo= tecperature. This allows extra-
polation of ouwr relatively shart term tests to predlet the long terc be~

havior of the alloys when gtared in 4 stresased state,
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