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ABSTRACT

Creep and stress-relaxation experiments were
performed on silverless and silver bearing copper in
the temperature range 73F to 250F. The creep experi-
ments were conducted at constant load and temperature,
the stress-relaxation tests at constant total strain
and temperature for a total time period of 1000 hours.
The effect of silver addition of up to 0.2 percent
w/0 (60o0z per ton) on the creep and stress-relaxation
behavior of spectrographically pure copper (99.999+ Cu)
as well as on that of tough pitch and oxygen free
coppers of lesser purity was studied. Spectrographically
pure copper was found to be much more susceptible to
creep deformation than commercial copper containing
small amounts of impurities. The high purity copper
appears to fail by separation of the grain boundaries
with incipient microcrack formation. These microcracks
act as stress concentrations, thus accelerating the creep
rate. Oxide particles, present in tough pitch copper,
act as stress raisers and cause this material to have a

lower resistance to creep and stress relaxation than
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oxygen free copper containing about the same level of
other impurities (with the exception of oxygen). The
addition of silver to either of these two conductor
materials raises the recrystallization temperature and
therefore results in material having a much finer and
more uniform grain structure. This results in improved
resistance to creep and stress relaxation and inhibits
the formation of microcracks by grain boundary
separation. Creep and stress-relaxation data are
presented at two stress levels and three temperatures
for each of the materials studied, that will permit
designers to formulate appropriate time, temperature,
stress-strain relations.

Silver addition in excess of 250z per ton
(0.09 w/0%) produces further improvement in resistance
to creep and stress relaxation. Sufficient strengthening
is achieved, however, with the 250z per fton addition in
the temperature range of interest (73F to 250F) to
justify the use of this material as a suitable and
economical replacement for tough pitch copper in
miniaturized applications where long time dimensional

stability i1s important.
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INTRODUCTION

Many uses to which copper is put are structural in
character and are subject to elevated temperature
environment. One of the main uses for copper is
communications wire and cable. The recent trend towards
miniaturization of communication equipment with ever
more stringent design parameters and tolerances requires,
on the part of the equipment designer, a hetter under-
standing of the time and temperature dependence of
stress énd strain. Furthermore, the requirements of the
newer miniaturized designs pose material problems which
can no longer be met by unalloyed ETP* (electrolytic
tough pitch) copper which traditionally has been used in
many applications. Materials are needed which, in
addition to having adequate tensile strength and
ductility also possess good electrical conductivity and
stress relaxation properties in the temperature range in
which such equipment is being used (73F to 250F).

While, as shown by Fox and Swisher(ll), several copper
alloy systems are available that would meet the

foregoing requirements, their cost is substantially
higher than that for ETP or OF (Oxygen Free) copper.
Thus, while use of these alloys for selected applications

seems indicated their use would not appear economically

* Designated commercially as alloy CA110.



justified for design applications having somewhat less
stringent requirements, but for which ordinary ETP or

OF copper is inadequate.

It has been established previously (see Review of
the Literature) that the short-time, high temperature
creep strength of copper containing small amounts of
silver was significantly improved over that of ordinary
ETP or OF copper. Such a material, if shown to have
adeguate design properties would have tThe advantages of
being economically more attractive than these other
alloys and of having improved conductivity (97-99% IACS)(S’ll).
No information at all could be found in the literature
on the stress-relaxation behavior of silver-bearing
copper at any temperature. Most of the previous work
on creep was done at temperatures substantially higher
than those at which communications equipment is being
used and, in fact close to, or above the recrystalli-
zation temperature so that the material was, in effect,
changing structurally during the experiment.
Extrapolation of data obtained under such conditions to
temperatures below the recrystallization temperature is
not justified. This Thesis is intended to provide
designers with much needed information on the gstress-
relaxation and creep properties of silver bearing

copper in the form of fine wires and in the condifion of



cold work in which the material retains sufficient

ductility for the type of designs considered.

A typical design where such a material might find
use is illustrated in Fig. 1 which shows an overcrowded
main distributing frame in a telephone exchange area
central office. This overcrowding has led urgency to
the reduction in the physical size of the conductors
being terminated on such frames. Typical Jjumper wires
used on distributing frames are shown in Fig. 2. The
reduction in the physical size of these jumper wires may
be accomplished by use of thinner irradiated polyvinyl
chloride insulation in combination with a reduction of
the conductor diameter from 22 gage (AWG) to 24 gage
(AWG). A twenty percent saving in diameter or forty

percent saving in space may thus be realized.

The bulk of the interconnections made on telephone
distribution frames are of the pressure type such as for
example solderless-wrap or guick clip connections
(Fig. 3). To insure reliable circuilt performance over
the 40-year design life of the connection i1t is essential
that the contact resistance at the conductor-connector

interface remain stable.

Resistance to creep, the time-dependent deformation

resulting from stress and to stress relaxation, the



time-dependent decrease in stress in a constrained member,
play an extremely important role in insuring that the
contact resistance remain stable, especially since the
change in contact resistance, if 1t occurs, depends on
interfacial movement between connector and conductor, as
shown by Bond(3). Such movement 1s caused by time-

dependent deformation.

Review of the Literature

Tensile creep in annealed copper wire has been of
considerable concern to the designers of motors and
generators, because during operation, centrifugal forces
set up in the rotors can cause creep in the windings.
The expansion resulting therefrom, may ultimately lead
to interference between moving rotor and stator. When
this happens, expensive and destructive failure takes
place. However, the operating temperatures of such
windings are considerably higher than those of interest
and most of the earlier work in this area was carried
out at these higher temperatures. In 1936 Phillips and
Smith<l7) reported results of tensile creep studies made
on hard-drawn ETP copper line wire. These wires had
been drawn from 0.250 in. and 0.102 in. diameters,
respectively, to a final size of 0.0285 in. diameter,
producing reductions in area of 98.7 and 92.2 percent.

Because of ductility requlrements in the design



applications of interest here and because creep depends
on prior cold: work, however, these data could not be
applied to the problem at hand. The material of interest
here should have, ideally, 6 to 10 percent elongation in
10 inches. This is produced by a reduction in area of
about 11 percent (4 B&S No). In addition to the fact
that creep varies with prior cold work, Cook and
Richards(5> found that ETP copper strip (containing
0.044 w/o Oxygen) which had an average ready-to-finish
grain size of 0.015 to 0.020 mm, and which had been cold
worked to a reduction in thickness 1in excess of 95
percent, softened at room temperature (18C) after about
6 to fourteen weeks. These same authors showed that

the self-annealing temperature of ETP copper strip was

a function of prior cold work as well as grain size

and orientation. Thus, results of creep studies made

on hard drawn wire materials such as those studied by
Phillips and Smith cannot be applied to moderately cold
worked material which is of interest in this investi-
gation. Inasmuch as creep of copper below the
recrystallization temperature alsc is a function of
prior cold work, only data obtained on material in the
condition in which it will be used represent valid

design parameters.



The ASTM Compilation of Elevated Temperature
Properties of Coppers and Copper-Base Alloys(l) presents
creep and creep-rupture data for several coppers and
copper alloys at temperatures higher than 300 Deg F.
These materials include deoxidized copper, OFHC copper,
tough pitch copper and a variety of other copper alloys.
The temperature range covered by this compilation is
substantially higher than that of interest here,

however.

Boyd(q) performed experiments on 0.204 in. dia.
hydrogen annealed ETP copper wire, in the temperature
range of interest. However, the maximum duration of
his tests was only 100 hours which is much too short a

period of time for a proper prediction of 40-year life.

E. A. Davis(6) has shown that in the temperature
range 80°C to 235°C the creep properties of oxygen free
copper are significantly improved over those of tough
pitch copper, but did not suggest any reason for this
improvement. Similar observations were made relative
to improved stress-relaxation behavior of oxygen free
copper as compared to tough pitch copper by Fox and
Swisher in the temperature range 73°F to 200°F. These
authors held that oxide inclusions act as stress

raisers which accelerate the creep rate.



‘McAdam Jr. gg_g;.(15> presented a general view on
the influence of strain rates and temperatures on the
mechanical properties of cold drawn oxygen free copper
at temperatures ranging from -188C to temperatures

approaching the melting point (1083C).

Schwope €t _l.(lg) made a study of the comparative
creep properties of ETP and OFHC copper wire with and
without silver. The maximum silver content studied was
250z/ton. Although these authors found that softening
(as a consequence of recrystallization and grain growth)
occurred simultaneously with creep at the higher
temperatures, the bulk of their experiments was conducted
at 572 Deg F (300°C) and for relatively short time
durations. These authors did conduct some limited long-
time experiments, but only on OFHC copper containing
150z/ton of silver. These authors found that cold work
as well as adding silver improved the creep strength of
copper. This improvement is lost, however, at tempera-
tures above the recrystallization temperature. They
found the latter to vary with the amount of cold work

and the type of copper. They further found that the
addition of silver raised the recrystallization
temperature of either tough pitch or ETP copper. The

ef'fect was found to be approximately the same in both

types of copper.



For copper having been given modest amounts of cold work
such as the material studied, the softening temperature
was raised from about U450F to 650F. Decker and
Harker(7) have expressed the rate of softening as:

Q

RT

Softening Rate = Ae where:

Q = activation energy for recrystallization

R = universal gas constant (1.986 cals/degree C)
T = absolute temperature

A = constant

These authors found that the purity of copper was of
prime importance in affecting the value of this
activation energy. These authors found a value of Q

of 22.4 Kcal/mole for high purity copper (99.999+) as
contrasted to 29.9 Kcal/mole for 99.98 percent pure
copper. Finlay(7) has calculated the value of Q for
250z/ton silver bearing copper to be 49 Kcal/mole of
copper. This same author attributes this strengthening
effect to pinning of grain boundaries by solute atoms

(possibly also impurities).

Benson et gl.(g) did conduct long-time creep
experiments of ETP and OFHC copper strip in the
temperature range 130°C to 225°C with and without

silver. The maximum silver content studied by these



investigators was about 30oz/ton. Wire, however, which
is of interest here, has an entirely different texture
and residual stress-distribution from strip because of

the different fabricating processes involved.

A characteristic pattern of strain is associated
with each particular deformation geometry. While the
deformation texture (or preferred orientation) of a sheet
is described by the crystallographic planes parallel to
the surface of the sheet as well as the crystallographic
direction parallel to the direction of rolling, in an
ideal wire texture a definite crystallographic direction
lies parallel to the wire axis and the texture is
symmetrical around the wire axis. In face centered
cubic metals such as copper the grains have usually
{111y parallel to the wire axis and have random
orientation around the axis. In face centered cubic
metal strip, by contrast, the texture may best be
described by the (123} planes lying parallel to the
plane of the sheet with the (112> direction parallel to

(20>. It was shown by Fox(g) that

the rolling direction
the stress relaxation properties of phosphor bronze
strip were significantly affected by preferred

orientation. Because these differences in preferred

orientation between wire and strip affect the creep

process and also because the temperature range covered
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by Benson et al. was higher than that of interest here,
their findings could not be applied to the problem at

hand.

Hodge(lg) conducted creep-rupture tests at 550°F
(288°C) on silver-bearing copper containing up to 300z
of silver per ton and a very limited amount of creep
data was obtained by Finlay(7> on copper containing
600z of silver per ton at a temperature of 437 Deg F

(225°C).

It thus would appear that none of the previous
work is directly applicable to the problem at hand, that
is how silver additions of up to 60oz/ton affect the
time temperature-stress (strain) relations of moderately
cold worked silver bearing copper wire at temperatures
ranging from 73F to 250F. It might be added at this
point that the price of silver bearing copper is directly
related to silver content, and i1t is hoped that from this
study designers will be able to balance cost vs
reliability in addition to being able to predict

material behavior.
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MATERIALS STUDIED

To permit a systematic study of the effect of oxygen
content and silver addition on the stress-relaxation and
creep behavior of copper the following materials were
obtained:

1. High purity certified (99.999 percent Cu)

copper.

2. High purity (99.999" percent Cu) deoxidized

copper containing 25o0z/ton of silver.

3. ‘Magnesium deoxidized silver bearing copper

containing:
a) 25oz/ton of silver
b) L4Ooz/ton of silver
c) 60oz/ton of silver
4. ETP silver bearing copper containing:
a) 25o0z/ton of silver
b) 60oz/ton of silver
5. Commercial OF Copper (CA102)

6. Commercial ETP Copper (CA110)

The chemical composition and mechanical properties
of all the materials investigated are shown in Tables I
and II respectively. The processing history is shown

in Table IIT.



METHODS OF TEST

The tensile properties (Table IT) were determined
at room temperature using the test method shown in
ASTM Designation: E-8 "Standard Methods of Tension
Testing Metallic Materials." The values shown in
Table II represent the average value for 5 specimens
tested. Jaw breaks were discarded. The Jaw separation
immediately prior to failure was used to compute percent
elongation after subtracting off the very small elastic

strain component.

Tensile creep tests were made using 50-in.
(1.270m) extensometers for the room temperature
experiments and 36-in. (0.914m) extensometers for the
elevated temperature studies. These extensometers are
similar to those used by Phillips and Smith and are
shown in Fig. (4). The wire specimen is loaded with
dead weights. A small tubular ferrule is cemented onto
the specimen and the separation of this ferrule from a
base reference edge on the gage tube is measured as a
function of time. A small preload is put onto the wire
initially, to insure its tautness when measuring the
initial length. This preload produces a tensile stress
substantially below the specimen's yield strength, and
does not produce any permanent deformation prior to the

application of the major load.
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Stress relaxation tests were made in tension using
a vibrating string technique similar to that described

(12>. This technigue is illustrated in

by Gohn and Fox
Fig. 5. It uses the principle that the natural
frequency of a vibrating string fixed at both ends is a
function of the tension in the string. The two are
related by:

n /T

—  where:

=2t /U

f = natural frequency

number of harmonic (the fundamental = 1)

)
Il

L = nodal length
T = tension
M

= line mass density

The wire specimen is loaded with dead weights to
the desired initial stress and then restrained by the
lower clamp to a constant total strain. A U-shaped
permanent magnet made from Alnico-5 1s mounted on the
loading frame in such a way that the specimen being
measured is parallel to the pole faces and centrally
located in the air gap of the magnet. An alternating
electromotive force 1s then applied to the test specimen
by means of a precision oscillator which varies with the
magnetic field in accordance with the fundamental

physical relation:
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F = IIxB

where:

electromotive force

£s!
il

T = alternating current

=
il

length of specimen and

magnetic field intensity

vy,
i

Driven by this force the specimen vibrates in the plane
of the air gap. When the frequency of the driving force
corresponds to the resonant fregquency of the stressed
wire specimen, the latter vibrates at the maximum
amplitude. This 1is determined optically by means of a
microscope equipped with a filar eyepiece. The precision
oscillator is used not only to drive the test specimen
but also to measure the resonant freguency from which
the value of the tensile stress may be determined.
Replicate test specimens were used for each test
condition. Creep tests were made at three femperatures;
7T3F, 200F and 250F. Stress-relaxation tests were made
at 200F. All of the elevated temperature tests were
made in gravity convection furnaces, built to
accommodate the creep and stress-relaxation apparatus.

Temperature control was within *2deg FH.

All tests were made at stresses corresponding to

the yield strength (measured at room temperature) at the



15.

0.0l percent offset and at 10.0 ksi. While, in general,
design stresses are below the yield strength, designs
such as those shown in Fig. 3 require an initial plastic
deformation and an associated high stress which relaxes
rapidly to a lower stress. In this respect data
obtained at the yield strength provide valuable infor-

mation.

TEST DATA

The creep test data for the materials investigated
are shown in the form of creep strain vs time curves in
Figs. 6-8. Computer printouts showing individual
measurement values, values of the computed creep strain,
and curves fitted to these creep strains by a least-
square fitting technique printed out by the computer are
shown in Appendix 1. The stress-relaxation test data
are shown in the form of relaxation curves in Figs. 9-11.
As in the case of the creep data, printouts of the
individual stress-relaxation data are shown in
Appendix 1. An explanation of the various printouts is
given in Appendix 1, as well as a description of the

fitting techniques used.



DISCUSSION OF THE DATA

Creep
Spectrographically pure (99.999+) percent copper

wire was included in this study in order to provide a
better insight as to how the addition of silver improves
the resistance to creep and stress relaxation. The
levels of impurities present in ordinary tough-pitch and
oxygen-free coppers (Table 2) would tend to somewhat
obscure these strengthening mechanisms. The photo-
micrographs shown in Fig. 12 clearly indicate that when
spectrographically pure copper was stressed to its room
temperature 0.0l percent offset yield strength, grain
boundary separation occurred which resulted in micro-
crack formation. These microcracks act as stress
raisers which increase the stress level in the area
immediately adjacent to the crack. This results in third
stage creep and final failure. The creep curves shown
in Fig. 6 indicate that, at stress levels as low as

10.0 ksi, third stage creep is reached relatively
rapidly at 250deg F in high purity copper. When the
initial stress was the 0.0l percent offset yield
strength, third stage creep was reached in this material
even at 200F. The addition of 250z of silver per ton to
this material, however, resulted in considerable

improvement in creep resistance.



Two specimens of the high purity, silverless copper
failed in less than 150 hours when stressed to only
19.7 ksi at 250F. ©No failure could be induced in the
silver-bearing high-purity copper at this temperature
and time at a stress level of 30 ksi, i.e., a 50 percent
higher stress level than that at which the silverless
copper had failed. TIntercrystalline failures, similar
to those observed in the photomicrograph shown in
Fig. 12 were observed by Benson et al. on both OFHC and
BTP silverless-and silver-bearing coppers. Their
observations, however, were made at 225°C (437F). These
same authors observed that ETP copper, cold worked
50 percent, recrystallized at 130°C (266°F). To
determine whether the same type of failure mechanism,
that is grain boundary separation with ensuing micro-
crack formation, occurs in silver-bearing copper at the
lower temperatures of interest in this investigation,
photomicrographs were obtained on a specimen of high-
purity copper containing 250z per ton of silver, stressed
to 33.0 ksi at 250 deg F (122C). It is seen from
Figs. 13 and 14 that the grain size of the silver bearing
copper is considerably finer than that for the silver-

free copper (in the order of 0.010 mm dia. ).



18.

Benson €t §;.(2) studied the effect of grain size
and cold work on creep of silver-bearing tough pitch
copper containing 250z of silver per ton. These authors
found, that for a stress of 14.0 ksi and at a test
temperature of 175 Deg C the creep in material having an
intermediate grain size (0.023 mm) was almost twice that
in material having a coarse grain size (0.043 mm), for
amounts of cold work ranging from 5 to 20 percent
reduction in area. An explanation offered by Finlay(7)
of this relationship (which is opposite to that prevailing at
lower temperatures at which it has long been established that
"the finer the grain size, the stronger the metal")is
using the concept of the "equicohesive temperature'.
This is defined as the temperature range at which the
grain boundaries become weaker than the interior of the
grains, so that fracture occurs in an intergranular,
rather than a transgranular fashion. Grain boundary
sliding occurs at higher temperatures and at longer time
application of the load. Fine grain material has,
generally, a higher creep strength than coarse grain
material at temperatures below the equicochesive
temperature. The converse is true at temperatures above
the equicohesive temperature. A grain boundary in .
copper has a high surface energy (about 600 ergs/cme).

This usually results in a higher concentration of
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solute atoms at the boundary, rather than at the interior
of the grain. Slip lines generally stop at grain
boundaries. This together with the requirement for
continuity between grains during deformation produce
pile-ups of dislocations at the grain boundary. The
silver atom is about 14% greater in diameter than the
copper atom. The grain boundary region accommodates

the larger silver atoms more easily and, since silver
diffuses relatively slowly in copper it is believed to
pin dislocation pileups at the latter. No evidence

could be shown of this, using the conventional

microscopy techniques (Figs. 13 and 14) and also
microprobe analysis. It 1is hoped, however to
substantiate the above hypothesis through electron-
transmission microscopy in future work. Thus while finer
grain size appears to affect the creep rate adversely

at "high" temperatures and favorably at "low"
temperatures it is believed that the main contribution
toward strengthening of the copper by the silver

addition is due to the associated increase in the

recrystallization temperature.

Figure 7 shows creep curves for the magnesium
deoxidized copper with various levels of silver and
Fig. 8 shows similar curves for electrolytic tough-

pitech copper. A fundamental comparison of the mechanical
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behavior of oxygen-free and tough-pitch coppers was

(16)

presented by Opie, Taubenblat and Hsu. These authors
found that in tough-pitch copper, Cugo stringers act as
voids which serve as stress concentrations when the
material is subject to cold working. This appears also
to be true in the case of creep at the temperatures of
interest. Figure 15 shows typical fractured surfaces of
ETP and OF creep specimens, which failed after 0.2 hours
at 33 ksi and 250 deg F. It is evident from Fig. 15
that the oxygen-free copper has a smooth cup-cone
fracture and deforms rather uniformly. The cracks in
the ETP copper specimen, by contrast, appear to initiate

in the oxide stringers which are clearly visible and

which act as stress-concentrations.

In general, it can be said that the creep rate in
the tough-pitch copper is somewhat higher than in OF
copper thus confirming the findings of Opie et al.
This appears also to be true after the addition of

silver, although to a lesser degree.

From Fig. 7, it may be seen that the creep strain
in oxygen-free copper is approximately twice that in
silver-bearing material containing 250z Ag/ton and four
times that in silver-bearing material containing

400z Ag/ton. No substantial further improvement is
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achieved when increasing the silver addition to

600z/ton.

A fundamental description of the creep curve as
well as various creep laws proposed by numerous authors
may be found in the references by Rabotnov and Hult.(ISJIA)
It is rather obvious from the previous discussion of
the microstructural observations made on some of the
materials tested that the phenomenological aspects of
the problem are, indeed, extremely complex. Sound
engineering practice requires, however, that the
designer be able to make rapid guantitative, though
approximate estimates of how the performance of the
final product will be affected by the various parameters.
Such estimates require that these parameters be expressed
in simple mathematical terms, regardless of the
phenomenoclogical complexity. Such simple models for
describing the creep relations may be found in Hult and
Rabotnov. An illustration of the '"typical' creep curve

will, however, be helpful in the discussion which

follows. Such a creep curve is shown in Fig. 16.



Creep Strain £(C)

(c)
%— = constant

Stage 1

7

Stage 3

Time, t

FiIG. 16 TYPICAL CREEP CURVE.

¢ 7
Cabr s



The creep strain may be expressed as a function of

stress, time and temperature.

g(o,t,T) =-§% since ¢ and T are constant.
This leads to:
dgo
“a—{:—‘—‘h [O,EC,T] ........... (3)
The fact that the creep rate depends on the creep
strain may be attributed to strain hardening effects.
Equation 3 was expressed as a simple power expression

by Norton and Bailey (see Hult) where:

d 1+ 14 /o \T ‘
atc [EC] = T(?{;) ............. (4) where

7 = a fixed time unit chosen to represent the time
reguired to produce a given creep rate.

L, m and o, are material parameters which may be
determined experimentally (see Appendix 2). The

guantity H is sometimes termed a strain hardening
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exponent and reduces to zero for secondary creep so

that:

It should be emphasized that all of these
expressions are based on the principle of a linear
creep law and break down when the strains are no longer

linear functions of the stress, temperature and time.

Stress Relaxation

The stress-relaxation data for the materials
investigated are plotted in Figs. 9-11. The remaining
stress, expressed as a percentage of the initial stress
is shown as the ordinate, the elapsed time, in hours,
as the abscissa. Figure 9 shows the effect of silver
addition on the stress-relaxation behavior of oxygen-
free copper. As in the case of creep, the resistance to
stress relaxation increases directly with silver content.
It is interesting to note that the difference in
resistance to stress-relaxation between tough pitch and
oxygen-free copper narrows after silver has been added.
Figure 11 shows the effect of silver addition on the
stress-relaxation behavior of spectrographically pure

copper wire. There appears to be a significant stress
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dependency. It is also seen that, while in the case of
creep, spectrographically pure copper exhibited the
highest creep rate, in the case of stress relaxation
this is no longer true. ETP copper, for example,
relaxes more than spectroscopically pure copper at both
stress levels used. The latter material showed
considerably higher creep, however, than tough-pitch
copper. This last observation clearly indicates that
attempts to apply a mechanical equation of state to
obtain creep data from stress relaxation tests and vice
versa are doomed to failure for the type of materials
studied here. Considering, for example, the microcracks
shown in Fig. 14 it is obvious that the creep rate will
be governed by the frequency and lengths of those
cracks, in the case of a constant load creep test; in
the case of stress relaxation, however, the cracks are
not permitted to grow and hence the respective rate
processes cannot be correlated by methods other than

curve-fitting.

CONCLUSIONS

Substantial improvement in resistance to creep and
stress relaxation was observed in the temperature range
T3F to 250F when adding silver to copper conductor.
This improvement is believed to be primarily due to

strengthening of the grain boundary region due to pinning
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of boundaries by sclute silver which is also believed
responsible for the increase in recrystallization
Temperature. The addition of silver also made it
possible to produce a much finer and more uniform grain
structure. No attempt has been made in the course of
this investigation to correlate creep and stress
relaxation. However, on the basis of the metallographic
observations which indicate the presence of local stress
concentrations at microcracks producing a variable rather
than a constant stress state as a function of time on a
micro-scale and on the basis of strain hardening
considerations, such a correlation would only appear
possible at low stresses and femperatures, i.e. where
stress and strain may be expected to be linear functions

of time at any temperature.

RECOMMENDATTIONS

It is suggested on the basis of this work that
electron-transmission microscopy studies be made of the
grain boundary region to verify the hypothesis offered
in this thesis, namely that impurities or silver
particles pin dislocation pileups at the grain boundary
thus strengthening the material. After the accumulation
of about 10,000 hr of data, the relation between
minimum creep rate, the activation energy for creep and

temperature should be established. On the basis of the
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data presented here, it is recommended that either ETP
or QF copper with a minimum addition of silver of

250z per ton be used for applications such as Main
Distributing Frame wiring, that is for applications
where the temperatures do not exceed 200 Deg F and where
a moderate amount of stress-relaxation can be tolerated

(less than 50 percent in 40 years).
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Table 1 - Chemical Analysis of Materials Tested, w/o percent

High Tough Oxygen Oxygen Tough Oxygen
High Purity  Pitch Free Free Pitch Free
Purity Tough Oxygen  Copper Copper Copper Copper Copper Copper
Material  Copper Pitch Free with 250z./ton silver with hOoz./%on silver szﬁagOoz./%on silver
Sb <0.0001
As <0.0002
Bi <0.0001
Fe <0.0000T 0.0029  0.0029 0.0027 0.003 0.0026
Pb <0.0001
Ni <0.0001 0.0079  0.0079 0.0077 0.01 0.0078
O2 0.0355 0.0013 0.031 0.0001 0.0007 Not checked 0.0006
Se <0.0001
Ag <0.00003 0.001 0.002 0.078 0.083 0.083 0.130 0.196 0.201
S <0.0001
Te <0.0002
Sn <0.0001
Cu 99-999+ Balance Balance Balance Balance Balance Balance Balance Balance
Mg 0.0040 0.0036 0.0039

(o8}
no
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Table 2 - Mechanical Properties of Conductors Studied: Diameter
0.0201 in. (24 AWG) Cold Reduction: 1/2 B&S Gage

Tensile Yield Elongation, Modulus of

Strength,¥*  Strength at % in 10 Elasticity,
Property* ksi 0.01% 0.2% in. ksi
Material
ETP Copper 40.6 17.5  35.5 11.7 13.0x10°
ETP Copper 3
+250z. Ag/ton L2.8 20.7  39.8 9.5 12.3x10
ETP Copper 3
+600z. Ag/ton L45.8 1.k k2.7 1.2 12.0x10
OF Copper L0.3 20.6 37.8 11.1 11.8x10°
Deoxidized
Copper +250z. 3
Ag/ton L3.6 22.1 k1.6 8.5 12.8x10
Deoxidized
Copper +40oz. ]
Ag/ton ] 18.7 LO. 7 L.6 13.2x10
Deoxidized
Copper +600z. 5
Ag/ton L6.9 eh.2 k437 2.7 12.0x10
High Purity 3
Copper Lo.4 19.7 37.7 3.8 12.3x10
High Purity 3
Copper +250z. LL.9 21.6 Lo.2 L.l 12.3x%10

¥

All values are the average of 5 determination.
H¥

Jaw breaks were discarded.
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Table 3 - Complete Processing History of Materials Tested

1. High purity certified (99.999 percent+) copper.

a) Obtained from American Smelting and Refining Co.,
South Plainfield, N. J.

b) Drawn in several steps to 0.0213 in. dia. by BTL.

¢) Strand annealed in hydrogen atmosphere at
450deg. C at 6 ft. per minute through a 3 ft.
long hot zone.

d) Cold drawn to final diameter of 0.0201 in.

(24 gage AWG).
2. High purity certified (99.999 percent+) copper with
0.09w/0 percent silver.

a) Item 1 was cast into ingot by Bell Laboratories
Processing ILaboratory, 0.0Qw/o percent silver
added.

b) Further processing followed steps (b), (¢) and
(@) of Item 1.

3. Magnesium deoxidized, silver-bearing copper (OF)

a) Obtained from Contemporary Research, Inc.,
Natick, Mass., after the following processing:

b) Hot rolled from 1 in. thick x 4 in. wide cast
plate to 0.500 in. thick plate; 0.500 x 0.500 in.
square section lengths were removed and rod
rolled and swaged cold to 0.250 in. dia.,
annealed 2 hours at 800 deg F (427C) and furnace-

cooled slowly in a protective atmosphere.
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Table 3 - (Cont'd)

c) Further processing followed steps (b), (c) and
(d) of Item 1.

Silver bearing, tough-pitch copper

a) Obtained from Contemporary Research, Inc.

b) Cold drawn to 0.100 in. dia.

¢) Annealed at 0.100 in. diameter, cold drawn to
0.0213 in. dia.

d) Strand annealed in helium in 3 ft. long hot zone
at 500 deg. C and at a speed of 3 ft. per min.

e) Cold drawn to 0.0201 in. dia.

Oxygen Free Copper

a) Obtained from Little Falls Alloys, Inc., Paterson,
N. J. as hard drawn 0.057 in. diameter wire.

b) Annealed, cold drawn to 0.0213 in. dia.

¢ ) Further processing followed steps (c) and (d) of
Item 1.

Electrolytic, Tough Pitch Copper

a) Obtained from BTL stockroom at 0.046 in. diameter
wire, annealed.

b) Cold drawn to 0.013 in. diameter.

¢ ) Further processing followed steps (c) and (d)

of Item 1.
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(a) As Drawn

(b) Stressed to 33ksi at 250 deq F
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FIG. 13 EFFECT OF CREEP ON MICROSTRUCTURE OF
HIGH PURITY COPPER WIRE WITH 25 0Z PER
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APPENDTX T - COMPUTER PRINTOUTS

Explanation

The sheets numbered as sheet 1 and 2 of the
computer printout are copies of the data input for the
first four sets of creep data, at 73F, namely for tough
pitch copper, tough pitch copper with 25 oz/ton of
silver, tough pitch copper with 60 oz/ton of silver and
OF copper. The first two lines at the top of page 1
represent program parameters, the next seven lines
represent headings for the data output. Line 10 gives
the Notebook number, 52731; the page, 4; the test
temperature in degrees F, 73.0; the specimen diameter in
inches, 0.0201; the nominal gage length in inches, 50.0;
the number of stress levels for this data set, 2; the
number of specimens tested at each stress level, 2; and
the number of times data was taken, 9. ILine 11 shows
the two stress levels used in this data set in ksi,
10.0, 17.5. The left hand column below line 11 gives
the times at which data was taken in hours (0.0, 1.0,
4.0, 25.4, 98.0, 262.0, 533.1, 843.7, 1007.0). The next
two columns represent length measurements at those times

1

for the two specimens at the 10.0 ksi stress level, the
last two columns for the specimens at the 17.5 ksi stress
level. The data output shown on page 3 of Appendix

and the '"Stare" graphical output are self explanatory.
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The creep curves have been fit to the following equation:

tnle(t,0)] = tnlc(0)] + Cy(o)int + cs(o)[ant]g

+ ¢y (0)[ent)3 + oc (o) [tnt)"

5
where:

g = creep strain

g = creep stress

t = time

are constants which are shown in

¢ 5
the data output.

1JCEJC3JC4)
A typical data input for the stress relaxation data is

shown on p. 90 of Appendix I.

The first 6 lines represent headings for the various
data outputs. Line 8 gives the notebook No., page,
specimen diameter, test temperature, the number of times
data was taken, the number of stress levels and the
number of specimens at each stress level. The first
column below line 8 represents the various times at
which data was taken, the next two columns represent
resonant frequency measurements at various times for each
of the two test specimens at stress level 1, the next two
columns similarly apply to stress level No. 2. The last

line gives the two initial stress levels used for the



particular data sel and the corresponding resonant
frequency. The equations used to fit the stress-
relaxation data are shown on the printout on page 91 of

Appendix I.
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C(L) = =-0.93245 01

ce2) = Jeondds D3
C{3) = =0.3%832 22
C(y) = dau#dIT=ul
C(5) = ~d.0323c-92

STANJARD DEVIATION FOR TIaAT
STAMUARY JLVIATIOY FUR Aug T

.L.

¥

.
[

(1
.

i

=

4 5 € 8 & ¢ S 0 0G99 s ET e

STRESS LEvEL NO,. 2

RT COUE =

LSTRESS =

BEST FIT

©
C

]
-

|
S el

-«
U1 N

[}
[
[GNER FNEN SRS 7 BN GREN ON I S B o

T omy Mo
[}
ool

. .
[AS IR RS AN AVEN AVER o B RV §]
N P - O

[CEN OR ot BN FYIP AN VO IN §

-
i
!

oy tad (O G0 0 D
.

[03 Tl VRN b O
[AN]

m

i

[N |

7 HrRS, =
1233 -35

NOMINALSTRESS =

RECORD COUNT

19.041

KPSI

PERCENT

m
A
A
(@]
AJ

-
[SANRBY)

.

PR SVRY <5 W s
-
[ACIR S o

-
rY O U Foa

-

[W AT N VR
-
U e O

17.50 KPSI



TIHME (HRS.) CRZZP STRAIN
1.8 3.764092-04

43 3.1342z-23

230 3.23Ld2-23
439.4 0.32302-:3
262.8 Jel22dE-03
533.1 Je5223c-133
B43.7 J.o04dc-13
106743 Je>3d3c-33

CONSTANTS FOR CURYz FITTING:

JATA FIT TO LUGARITAMIC POWER EXPANSIOHN
C{l) = -=-3.35135 u1L
c(z2)y = T.bl75E L1
Clo) = =yels23z ¢l
C(x) = celo73E-11
C(5) veloobhe-u2

STANJOARD DEVIATIOw FOX TILiE .6E
STANUARD OcVIATION rOR Acl TIM

G 5 0 8 0D & 66 &6 O 88O L 4D

ONLY STAXKE QUTPUT CALLED F3R

D AT A SET HNuU
NOTESOUK UM sew 52731 Phie
MATERIALICTP JO0PPIw AIRT WITH

MATERIAL: AT

CrEEP TCSOT

TeMPERATURE (LN J_a([ZS Fs
SPECIMe.y uladcTeEe (I INCHE
NIMINAL GAUsZ Lol +A (LHCHE

MuaXe 3. OF

R I N Y Y

STRESS bLevel WU 1

ey maT v
s C L2 is AT o

1.
d.4233E~-05

NOMINALSTRESS =

BEST FIT PERCENT CRROR
D0.7332E~-04 J.11
Jel3d0E-23 Je 4l
Jo2283E-23 T35
deb255£-23 1.28
Je5120iE-43 1,91
2.56522-123 Je 21
JaDnd3b4E-13 i+25
9 HRS., = J.,4239-35

1B ER e
2507 PR TON AS
o 0
G.0201
5.0
STRESS crvzl 2

10.00 KPSI



TIME (HRS.) CRrzZcP STRAIN 8EST FIT ERCENT ERROR
1.0 0.29343£-15 0.30202-~05 J.08
440 Jeoo3dJdE-0% §.3214E-34 2+01
25 .4 Ja%7ddo-34 J4973E-34 5632
93.90 J.530uc-34 T 566“5—”4 3.32
262 .7 J d343dc-Jdu Je7835€-1 0.72
550»1 «9401c-04 Je 1}97;"'9\) 12.41
S8 .7 J.lZ)uc-JB Jell2L3e-83 Jel8
1007.0 §3.13738E-39 0.,1313€E-03 4.3E
CONSTANTS FOR CURVE FITTING:
DATA FLT TO LOGARITHMIC POAZR EXPANSION
C(1) = =-4§.12712 G2
C(2) = Jeddlc I1¢
C(3) =" =3.1122& it
C(%) = Jel13313Z 2
C(5) = =3.9919c~-02
STANJARG OeVIATION FOR TIWHI JGE. 1.0 HRS., = }.5211:£-05
STANUARD DoVIATION FOR ALe TIne = J.2211£-053
STRESS LIVEL NO. 2 NIOMINALSTRESS = 20.70 KPSI
TIME (HRS.) CRzzP STRALIHN BEST FIT PERCENT ERRIOR
1.0 g.06404dc-04 J.0409E-0% 0e1tb
448 Jedolidc-J4 Jets541E-74 Je58
25.4 Jel2642-39 Je1292E-13 2e51
262.7 J.134Je-93 J.2147E-753 Jellb
533.1 J.2070=-33 Je2604E~-12 7.71
843.7 0.200dc-33 B.2734E-0G3 5,15
10607 .4 §.2900c-23 0e2851E-33 1.71

CONSTANTS FOR CURvE FITTING:

JATA FIT 7O LOGARITAMIC PONZR EXPANSION

Cl1)y = =d.99258 u

c(2)y = Gel3472 u

c(3) = Te22u43I-21

Cli) = =245 247E8-07

Cia) = 16 35375=01
STANIAYY JCVIATL O FOU TEodn w52 1) H2S, = JebiSaE -G
STANJARY JeVEATLON FOR ALl Tipe = Gellbbt-00

e 0 8 8 ¢ 2 & 0 22 0B Y s



B0 AT 4 S ET NUH3ER 3
NOTEBGOK NUM3ZR 32751 PAGE 4
MATERIALIITP CO0°2P=<x wIxkE 4ITA 50 02 PR TON A

AT 73 <5 F

MATERIAL :5
CREEP TEST

TeMPERATURE (IN 9eGRZZS FY: 7300

CSPECIMeEN JIAMETER (IN INCHES): 0.0201

NUMINAL GAUGD LzZNoT+ (InSAzS)t  55.0

MAX. NO. OF SPzoldens AT cACH STRESS LEVEL ¢ 2

FRFPEFFSESSRRRSERNERNASL

STRESS LEZVEL NO. L NOMINALSTRESS = 10.80 KPSI

FTIME {HKRS.) CREZP STRAIN BEST FIT PecrRCzZNT ERROIOR
1.0 3.7937£-05 0.8053E~-05 3.7G0
4.0 0+.1303E-04 Jel204LE~-04 2.78
2.4 0.270dz-J¢4 J.2893E-134 7ol
2620? ‘Jv;UUU‘E"VQ ‘}OL*CJ?JE—IQ b‘oDL
533.1 Je5500C~04 Je5930E-24 7.33
81‘?3-7 On?x)’JJE"J"‘? 'Jc?.'.q’da"'i:'g Zl']g
1007.0 Se8ddde-04 Je 7854 -4 1.8¢

CONSTANTS FOR CURVE FITTINGS

DATA FIT T3 LOGARITHHMIZ PO4IR EXPAWNSTIIN

Ce1) = =3.11732 62

c(z2) = J.33700-41

cls) = Je2473E G8

Cl+) = =—-l.uvlooc-ul

C(3) = Doty 3e-C2
STANUARD OeVIATIUN FOR TILHY JGE. 1.9 HRS. = 0.2207e-05
STANIARY JuvIATIUN FOL ALl TIde = 1e22G7E~05

90 0 9% 6 s e 06880 sy

STRESS LEVEL NO. 2 NOMINALSTRESS = 21.40 KPSI



TIHE (HRS.) CREEP STRAIN gesT FIT PERCENT ERRIR
1.0 0s110dE-CS 0.1160E-03 0e.01
"'700 ﬂuif’U‘Ji‘}S ‘.].15@15"']3 ‘J.Qb
5.4 Joi7olE~-33 Je1758E-T3 g.12
34.0 0.21508-4d3 Uel2l51E-733 0.12
26247 Je2549dE-~-03 Je20028-133 f.b4o
533.1 JtZ‘B?L}i‘JS ‘3-2"33@‘:-05 J.AGS
B43.7 J«.3000E-02 0.3097£-93 1.21
1607.0 Jda3Ll3d2-13 Je3132E-023 Ue>7
CONSTANTS FOR CuRvE FITTING:
UDATA FIT TO LOGARITHMIC PUWER EXPANSION
C(1) = =-=-J.3i3225 3§
C(2) =" 4.3532193%c t3d
C(3) = =d.134%492 g1
Clu) = 42994 c-01
Cl3) = =2.234%%E-202
STANDAKD OEVIATION FOQ TINZ GE. 1.0 HRS. = 0.1369z-05
STANJARY OZVIATION FOR ALL TIME = 3.1869c-05
BAT A 52T NUMBER “
NOTEBOJIK NUM3ER 22731 PAGE 4
MATERIAL $0F COpPrP:=rR JdIRE AT 73 DEG F
MATERIAL!
CREEP TEST
TeHPERATURE (L4 J2GREES F)E 73,4
SPECIHMEN 0IaMaTIx (LW INCHES): w0231
NOMINAL GAUGZ Lddold (INCHES):T 50.9
MAX., NO. OF sSPeECIAZisS AT Z4ACH STRESS LEVEL 8 2
008 LR R IR SR B2 3% M0 3 SR SR OR 32 NS A 0L oG4 i
STRESS LEVEL NO. 1 NOMINALSTRESS = 10400 KPSI

TIME (HRKRS.) CReERP STRAIN BEST FIT PERCENT ZRROR



1.3 3.,1700E-3%
4.4 J.2700E-3%
224 desddlz-Jb
38.18 Jeoddilc~g&
282.7 J.3700e-3%
533.1 Jel3wdo -2
843 .7 0 1l41ydc=-:3
106d7.0 d.18142-33

CONSTANTS FOoR JuRrRvVE FITTIN

e
D e

d,1037E~04
J.2718E-04%
Je4553E~104
J.6718E~94
0.9323c~-34%

UATA FIT TO LOGARITHMIC PIOWJE= £XPANSION

c(L) =
ct2) =
Ce3) =
C(+) = jeC
C(2) =

STANJARY UZVIATION FOR TIde

o O

STANJARD UcVIATION FO2 ALy TIHE
STRESS LEVEL NO. 2

TIME (HRS.) CREEP STRALN

BRPRY J.1159E-03

33.0 Ja271Ue-33

20247 Jedoa30E-03

533.1 _ Je37232-03

84347 Jeodotub=-u2

14907.0 0.5210c~-4d23

NOMINALSTRESS

-U.103g8c
Je334d22

ae

4
~ T - I
=4+ =0

1

COINSTAWNTS FOR CURvE FITTINGS

«d HRS. =
§.5392E-05

H

BEST FIT

3.1152E-03
J.1548E-03
e2047E-23
3.2562E-33
J«3305E-03
Je3d02E-4G3
deb4i70E-23
Jet1538E-93

DATA FIT TO LOGARITAMIC POWC< cXPANSION

C(L) = =4d.9
ctz2) = 2.3
C(s) = =-.4.0
Cly) = de o

C(5) = =-3.1

STANOAKRD DeVIATION FOR TILdAL oof
STANJASY UaoVEATION Fu ace oo

6 5 8 % 08 & 0 8 88 43T e

[
(62}

N+ Uy Ui GO

My v e T

S )

[
[
- )

t
o
“

b

t
[
AY]

1

0 HRS, =
Geleby7e-ubS

@ © &
o

&
[SERN VIR O AV )

[

&

Co A7 N b e O
(-]
R T e N N

0.5392E-05

2000 KPRSI
PERCENT ERROR

0.2C
8.77
1.33
177
i.76
2.21
.39
Le2k

Ja4L37E~05
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GRAPH SHOWS CREEP STRAIN VS TIME DATA SET =1 TEMPERATURE =73F

NONE

CREEP STRAIN

NONE

1IE +HOURS

0F COPPER WIRE wITH

52731 & 73.0 0,0201

16,0 22,1

0,0 50,0806 50,0705 50,1290 50,1504

1,0 50,0809 50,0720 50,1321 50.1525

4,0 S0,0810 50.0730 50.1338 50,1553
25.0 -50.0810 S0.0739 50,1349 50.1558
98.0 50,0R12 50.0744 50,1364 50.1579
263.0 50.0820 50.0744% S0,1383 50.15&7
533.,0 50,0820 S0.0744 50,1397 50.1598

#1
’3/1Y/7z

250Z PER TON AG AT 73 DBEG F
S0.0 2 2 9

843,0 50,0820 S0.0744% 50,1397 50,1608
1007+0 S506.0328 50,0747 50.1397 50,1608

2 4 1.0

0.01

CREEP OF OF cOpPPER WIRE WITH 40 0Z PER TON OF SILVER AT 73F

GRAPH SHOWS CREEP STRAIN VS TIME DATA SET

NONE

CREEP STRAIN

NONE

TIME +HOURS

OF COPPER WIRE wITH
52731 6 73.0 0.0201
10,0 18,7

0,0 50,0540 50,1052
1,0 50,.054%4 50,1054

4.0
0.0
7640

2’4[“*03

511.3

846.9
123041
24 1.0
CREEP
GRAPH
NONE
CREEP
NONE
TIME

50.n548
50,0548
50,0548
50,0548
50,0548
50.0550
50.0E85¢C
0.01

OF OF cOpPPER
SHOWS CREEP STRAIN

STRAIN

HOURS
0F COPPER

WIRE

50.1064
50,1064
S0,1084
50,1070
50,1075
50.1072
50.1076

WIRE

50.0934
50,0946
50,0951
50.0%64
50.0988
50,3975
50,0980

WITH &0

52731 6 73.0 0.0201 50,0 2 2 9
10,0 24,2

000
1.6
4-0
30.0
76,0
244 .3
511.3
R46.9
12301
24 l-O
CREEPR

GRAPH SjiOwWS

NONE

50,0633
S0.0634
50.0635
50,0635
50,0635
50.0639
50.0636
50,0645
29,0550
D001

50,0827
50.0939
50,0346
50.0948
50,0955
50.0955
50,0955
50.0346
56,0944

CREEP STRAINM

50.1524
50.1529
50,1539
50,1546
50,1556
50,1569
5n.1270
50,1570

50,1577

50,0921 S50.146¢0C
50,0929 50.147%

50,1487
50.1497
50,1501
S0.1517

50,1532

50.1539
50,1522

02 OF SILVER PER TOM
vS TIME DATA SET

50.1283
50,1301
50.1310
50,1316
50,1323
50.132¢9
50,1331
50,1331
50,1338

OF HIGH PURITY(99,99%+)PERCENT COPPER WIRE
VS TIME DATA SET

=4 TEMPERATURE =

= 2 TEMPERATURE = 73F

40 02 PER TON OF SILVER AT 73F
50.0 2 2 9

AT 73F

= 3 TEMPERATURE = 73F

wITH 60 GZ PER TON OF SILVER AT 73 F

WITH 25 QZ2 PER TON aAG

73F

(2



CREEP STRAT
NONE

TI¥E+« HOURS

N

HIGH PURITY(99.999+)COPPER
52731 6 73.0 0.0201 S0.0 2

10.0 21.6
0.0

1.0

4.0

25.0

98-0

Re1261
S0el267
50.1277
S0.128%4
=0.13208

501311
57,1323
50.1334
50.133¢
50,1345

WIRE WITH 25 0Z PER TOM

29

5041335
50,1370
50,1387
50,1420
S0, 1444

50.1857
50.1918
50.1926
30.195%4
50.1967

263.0 50,1208 50.1353 50,1449 50.1994

533.0 =0.1

319

“0+1361 50,1475 59,2011

g46.9 50,1322 50,1372 50.1501 50,2031
12301 50,1332 50,1377 50,1508 50,2045



SNUMB = CC489, ACTIVITY # = 11, REPORY CODE = 06, RECOROD COUNT = 3C30

DAT A S ET NUMIJ3ER 1
NOTESQOOK NUM3ER 52731 PAGE )
X WIRE WITH 2507 PEx TON AG

MATERIAL:OF Ja°¢P
MATERILAL:AT 73 2
CREEP TES

TEMPERATURE (IN DIGREES F): 73.0
SPEGCIMIN OLAMSTIR (I4 INCHIS): 0.0201
NOMINAL GAUBI LENGTHA (INSHES): 50.0
MAX. NO. OF SPSCIMIYS AT ZACH STRESS LEyEl : 2
AR EREF LSRR RN PR ¥
STRESS LEVIL NO. L NOMINALSTRISS = 10.33 KPSI
TIMZ (HRS.) CRIEP STRAIN BEST FIT PERCENT ERROR
1.3 J.18312-3% 0.18065-04 5.32
4.0 3.2904Z-d4 0.26576-04 1.16
5.0 3.33005-04 0.3879c-04 2.07
98, 3. 45002 -00 0.45056-00 0,11
263 .4 0.5300E-14 0.50275-34 5.15
533.0 0.5390--34 1.54632-064 3,18
843 .5 0.53002-04 0.57356-04 3.16
1307.9 3.54002-04 0.5614E-04 7.50
CONSTANTS FJ2 CURVI FITTING:
OATA FIT TO LOGARITHMIC POWSER EXPAISION
Cl1) = =-4.11328 52
C(2) =  0.4517¢ 00
C(3) = =-u.1025¢ 00
C(x) =  0.1303£-01
C(5) = =0.5953%-03
STANDARD DSVIATION FOR TIME .GE. 1.7 H?S. = 1.2599:-35
STANDARD DEVIATION FOR ALL TIME = C.26995-05

® 8 & & ¢4 0D OGSO re o

STRESS LEZvEL NO. 2 NOMINALSTRESS = 22.10 KPSI



TIME (HRS.) CREEP STRAIMNM BEST FIT PERCENT ZRROR

1.0 A Je23002~14% 3.5313E-04 .25
%63 3.9780:2-3% 0.3599€E-0¢4 1.04 {b
25. 4 0.1130=~33 J.11515-03 2473
93.0 J.1430=-23 Jo143b2~03 3.0k
263.10 Je1730=-33 0.1787-03 1.5¢%
533.4 0.,2010E-33 J.2032€-03 1.1¢€
843s3 0.2110z-23 3.2104E-073 3.27
1337 .¢ 3.21105-33 «20G98£-03 J.5¢

CONSTANTS FOR CURvZ FITTING

DATA FIT TO LOGARITHMIC POWZR EXPANSION

C(1) = =3.3934%3z 01
c(2) = J.7513% GO
C{3) = =-3.3293% 018
Ciyy = Jed2012-131
Ci(3) = -35.40472-02
STANDARD DEVIATION FOR TIMZI 5%, 1.7 HKS. = J.2501E~185
STANDARD OEVIATION FOR ALL TId:z = 0.2021E-35
ONLY STARE OUTPUT CALLZD FOR
DATA ST T NUMMBER 2
NOTEBOQOK #MUM3ER 52731 PAGE &
MATERIAL:OF JOPPER NIWZ WITH 47 0Z PER TON OF
MATERTALY SILVEIR AT 73F

CREEP TEST

TEMPERATURZ (IN QJEGREZS F)id 73.0
[+ INCHES)I ! C.v
. 2

SPECIMEZN OLAMZTER | s 2451
NOMINAL GAUGE LINGT (INSHESI Y 5C.3
MAX. NO. OF SPZCIHZ IS AT EACH STRESS LEVEL ¢ 2

PREF R ER R R RN B RERERE

STRESS LZvEL NO. 1 HOMINALSTR

1'1

= 13.340 KPST

[%9]
(99)
t



TIME (HRS.)
1.2
4o

3).3

7543
244 .3
511.3
845 .9

12301

CONSTANTS FOR CURVE

DATA FIT TO LOGARITHMIC

STANDARD DEVIATION FOR TIMZ .G
STANDARD DEVIATION FOR ALL TIME =

CREEP STRAIN
U«80J1E-105
0.20002-0¢
0.2000E~-3¢4
80.20005-04
0.250802-0¢4
3.3100z-04
2.3003&8-0¢%
3.3400~04

FITTLNHG:
POHER EXPANSIO
C(1) = =-1.11747 ©2
c(2) = J.1279% 01
Ce3) =_. -3.5734% 23
C(y) = 0.1337z 90
C(3) = -8.51372-02

Ee 1

® 6 & 8 0 8 0 & 0 580 00 PO eSS S

3EST FIT
J.B8L07E~Q5
0.18937E£-04
0.1387E-04%
J.2051E-04
0.25352-0%
0.3004E-004
0.3245E~04
0.32722-04

H

« ) HRS, =
2 1075E£-05

STRESS LEVEL MNO. 2 NOMINALSTRESS =
TIME (HRS.) CREZEP STRAIN BEST FIT
1.0 J.23302-0¢ 0.2234E-0¢4
4.0 3.4000Z-04 D.0102-04
3J.0 0.5200E~04% 0.5793E-04%
76423 3.7100=-04 0.7410E-04
24443 0.1000E-33 0.10748-03
511.3 0.1330=-03 0.12775-03
846 .9 0.1330E-03 0.1315£-03
1233.1 0.1210=--03 J.1248E-03
CONSTANTS F32 CURYE FITTING:
OATA FIT TO LOGARITHMIC POWI? ZXPANSION
C(1) = =9,1340%9c 2
C(2) = J.7355E 038
C(3) = =-0.31032 00
Clu) = De7356~-01
C(5) = ~=0.47145-02
S 1) OCVIATLION FOR TLMD JGE, 1.3 HES,. =
STANIARD DevIATION FOR ALt TIng = CeB3CBL=UD

LI B B K BN L I R B I I I S S I I

o

PERCENT ZRRI0R

© L3 o

L3
SN U U O e

@

&

W ® WO oOoD
[S2105 il oV BN AV IEN a6 LiEe 36 o}

18.70 KPSI

PERCENT ERRIR
0.57
2454
5.56
437
741
3.14
1.1¢0
3«16



NOTEBCOK NUHM3ER
MATERIAL:OF

MATERIAL:

CREEP TEST
TEMPERATUR:
OIAAET IR
GAUGC

OF SP=CIMcNS

SPECIMZN
NOMINAL
MAX. NO.

DaT a2 S ET

52731
SOPPIR HIRE

SILvex AT 73 F

(IN
([N
LaNGTH

AT

FRLE R FERE R FFERIEE SRR

STRESS LEVEL

TIME (HRS.)

e

Lus I doe

3
76
24443
511.3
84o .9
1233.1

»

ARSI may

()

N 1

CREZEP STRAIHN
Je133uz-3d4
de21372-04
J3.23002-0¢
0.3000£-0¢4
3.3333E-34
J.31dUE-0d%
0.3100E-3%
0.346002-04

JEGRELS Fye
[NCHES) @
(INZHES) @

PAGE 5

NITH

60 0Z PER TON OF

73.0
Cat 201
50,1

StACH STRESS LEvelL ¢ 2

NOMINALSTRESS =

1J.30 KPSI

BEST FIT PEXRCENT ERROR
54131LIE=-0¢4 8.78
J.2037E-04 3.00
1.2538E-0% 10.38
Q.2717E-04% Geub
0.2939e~04 0.37
0.3102E-14 2.00
D.325%0E-04 4.71
0.3270E-04 3.32

CONSTANTS FOR CURVE FITTING:
DATA FIT TO LOGARITAMIC POWER E£XPANSION
(1) = -1.112%= 02
c(2) = Je4d402 00
C(3) = =j.1499% 1
C(4) = J.2355:5-01
C(3) = =-0.1337z-02

STANDARD DevVvIATION FOR TIME G 1.3 HRS, = J.1514E-95
STANDARD DEVIATIUN FOR ALL TIME = W1514E-05
STRESS LEVEL NO. 2 NOMINALSTRESS = 24%.20 KPSI



TIME (HRS.) CREEP STRAIN GeST FIT PERCENT ERRIOR
1.3 Se233)E-14 0.2312E-04% Led2
%. 0 g.42042-0% J.4117c-04 1.37
33.0 Jd.5500&-3¢4 1.5335E8-04 6e.10
703 J.7200=~0% Joo8432-04 4. 95
2hbt .3 J.870%52~-04 0.8534E~34 1.91
511.3 §.,3400Z-0¢% 0.8529%~0¢4 1.37
846.9 J.9%030z-0¢4 0.3855E£-04 b B4
123J).1 0.1010<-03 J.3749E~04 Ry
CONSTANTS FOR CURVE FITTING:
OATA FIT TO LOGARITHMIC PONER EXPANSION
C(1) = =Jd.idgnr7z 02
c(z2) = 064535 00
C(3) = =3.2155% 73
Ceyy) = 7.33305-01
C(5) = =-0.2580=z-482
STANDARD DEVIATION FORR TIdZ GEs 1.3 HRS. = 3.2745£-15
STANDARD DeEVIATION FOR ALt TIdg = 3427852-05
baT A SET NUMBER 4
NOTEBOOK NUM3ER 52731 PAGE 5]

MATERTIALIALIGA PURIT{(33.9383+) COPPER WIRE WITH
MATERIAL: 25 37 22ZR TOH A5
CREEP TzoT

TEMPERATURE (I DcGRZES F) s 2.0
SPECIMEN DIAMETER (IN INCHES):T L[L,.72G1
NOMINAL SAUGZ LENGTA (INCHES) @ 5240
MAX. NO,., OF 3P:ZCIMENS AT EACH STRESS LEVEL ¢ 2
B OGN W WA MRV R RN E S
STRESS LZVeEL H3. 1 NOMINALSTRESS = 13.30 KPSI

TIME (HRS.) CRZEP STRAIN BEST FIT PERCENT ERIOR



1.0
4od
2503
S93d.u
263 .4
53360
845,93
12341

CONSTANTS

JATA

STANDARD Dz vIATION
STANDARD DEVIATION

FIT TO LOGARITHMIC

@ 8 8 P O K B OV S E RSSO

STRESS LevzL NO. 2

TIME (HRS.)

L] o

[V B Gt b I i B R s Y o |

|

N o VTN

W +E NN

L OV NN ) For
L]

Jeldi.c-04
339337~y
d.43322~3¢4
J.8103=~3%
J.8333=~d4
0.10322-03
3.1223=Z-33
J.13732-33
FO CURJZ FITTING:
PO ZXPANSION
CiLy = - s 1335 02
c(21 = J.8L33< 07
C{3) = =-1,27515 32
C(4) = I R U
C(3) = =3.23852-02
3;?. TIHZ o‘jgu 1:
OR ALL TIHE = )
NOMINA
CRZIEP STRAIN
J.3600L=-04
d.1213=-803
0.1829=-03
J.2130=-023
0.25102Z-03
0.29402-03
J.3408c-233
J.35180Z-03
TTING:

0.1820E~0¢
0,3728E~04
0.5355e~04
0.7077E-04
3.3227€-0%
0.1119E~03
0.126E~03
1.1325£~03

J HRS. =

Je48381k-05

LSTRESS =
BEST FIT

0.3575€E-04
G.l'd;_ “Q3

1.12
4,39
11.586
12452
oO?
3.52
2.08
3.25

1.4331F-05

PERCENT ERROR

0.27
1.01
1.97
1.09
1.9¢
JeBh
348
2ol

)E&\x

7C

CONSTANTS FOR JuRve FI

DATA FIT TO LOGARITHMIC POJER ZXPANSION

AR}

1) = -131.9254% 41
ct2y) = Jolils2 07
ce3) = sl l052-01
C(4) = =13.1323c-01
C(o) = T.14d7:2-02

STANJARD OEZVIATION FO2 Ti+:
STANDARD DEVIATION FOR aALL T

13 HR3, =
TWH5760BE-05

Jeb7BHE=]5

POA o
-

A
!

Lol

L I B B BN B B Y IR B YRR
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CREEP OF OF CCPPER WIRE WITH 25 02 RG PER TON AT 73 F
GRAPH SHOWS CREEP STRAIN US TIME DATA SET =1 TEMPERATURE =73F
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13.123 0324

Cobe{tee

CREEP OF OF CBPPER WIRE WITH 40 02 PER TON OF SILUER BT 73F
GRAPH SHOWS CREEP STRARIN US TIME DATA SEY = 2 TEMPERRTURE = 73F

5 Q
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t.200
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0.800

0.700
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CREEP 8F BF COPPER WIRE WITH 60 ©Z OF SILUER PER TON AT 23F
GRAPH SHOWS CREEP STRRIN US TIME DATAR SET = 3 TEMPERATURE = J3F
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31 r-25)

2 4 1.0 0.01
CREEP oF E£TP COPPER WITH 25 0Z SILVER PER TOoN AT 250 F
GRAPH S:i0WS CREFP STRAIN VS TIME DATA SET = 1 TFMPERATURE = 250 DEG F
NONE
CREEP STRAIN
NONE
TIME +HOQURS
ETP COPPER wITH 25 0Z OF SILVER PER TON AT 250 DEG F
52731 14 250.0 0.0201 36.0 2 2 14
lo.,0 20.7
3.0 36,0230 36,0260 36,0623 3¢.0%5%4
1.3 36.6026¢ 36,0288 35,0717 3c.0685
4.0 35.0261 34,0306 36,0816 3A.075C

29.0 3~.0337 36,0363 36,0972 3A~.09195
49,0 I6.Nn366 36,n382 3£.1039 3£, U979
120.8 3. 0b0e 36,0424 36,1162 36,1100

222.3 3a,04583 36,0466 36,1281 36.1224

337.9 36,0462 26,0500 36,1377 36£.1310
385.5 34.0491 36,0514 36,1401 38,1358
480,.7 36,0900 34,0527 36,1448 3¢ .139R
625.1 36.0518 34,0552 34,1531 36.1462

794,9 36,.n541 36,0569 36,1581 36,1532

962.5 35,1558 36,0595 36.1635 36,1585
1200.,7 26,0569 36,0602 36,1698 36,1648

2 4 1.0 0.01
(REEP OF ETP COPPER WITH 60 0Z SILVER PER TON AT 280 F
GRAPH SHOWS CREFP STRAIN VS TIME DATA SET =2 TESPERATUNE = 250 [LEG

m

NOME
CREEP STRATIM
NONE
TIME +HOURS
ETP COPPER wITHi
52731 10 2s50.,0
10,0 21.4
0.0 3¢.0p2%0
1.3 36.0273
.0 %6.NpAR6
29.0 36.0322
49.0 26.n340
120.8 36.0348
222.3 26.0400
337.9 1£.0415
IgS .5 26.ny23
480.7 2d.0u 39
629.1 TE..HL39
794,33 36,0453
962.5 26 pu8g
1200.,7 36,1492
24 1.0 0.01

60 0Z OF SILVER PER TONM

0.0201 3

36.0138
3601297
36.0216
36.0263
36«53279
360311
36.0318
360355
36.0362
Ahen371
Z6.0352
36,0409

36,0426

36.0435

6.0 2 2

Z6. 0621
ZEL.NT704
36,0746
26,0864
tE, 0902
36,0987
36,1061
2641101
36,1116
26,1150
3£,1185%
36,1215
36,1241
36,1274

14

36,0480
36,1587
56.[:6‘4’1
36,074
36.0790
36.0677
36.0965
2EL0Y9IZE
36.1022
36,1042
36.1091
36,1109
36,1148
36,1174

C(REEP OF OFHC C(PPER WIRF AT 250 DG F

GRAPH S10WS CREEP STRAILIM

NONE
(REEP STRATIM
WO E

TIVE 1 URS

0FRC CCPPER aT 290 DEG F

52731 11
10,0 20.6

250.0 0.0201 36.0 2 2

V5 TIME DATA SET

14

AT 250 DEG F

=3 TEVMPERATURE

=250 DEG F



36.0181
36,0267
26,0076
36.0370
361398
6. 0uus5
XR.NR16
1505962
26 . 1884
BE ALY
36,0653

26,0677 36,0919
36,0n9¢ 36,0951
36,0734 36,0970

6. NUTEH
26.0529
36&0551
36.0618
26069
26,0711
26,0766
26,0809
26,0820
2E.0HH3
Z6.0887

36,0614
36,0782
36,0868
ZE,1115
36,1206
36,1456
26,1726
36,1981
36,2089
36,2267
36,2546

36.2733 36,3571
26,3010 36.3978
36,3355 36,4510

360738
36.0888
36.10990
361277
36.1396
36.1715
36,2088
362449
362597
36,2868
36,3282
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NOTEBOCK NUMBER 52731 PAGE

MATERIAL:ETP COPPER WITH 25 uZ

MATe RIALITON AT 251 J26 r
CREEP TEST -
TEMPERATURZ (IN OctGRZES F)
SPECIMEN DIAMET=R (IW
NOMINAL GAUGE LiNGTH ([HCh"
MAX, NO. OF SPECIH

PET T EE R T TR

STRESS LE&VEL NO. 1 NOMINA

TIME (HRS.) CREcP STRAIN
1.3 Je8383%c-uk
4ol Uel347E-03
29.0 0.,23L7E-33
43.6 0.3583£-03
129.8 0.47222-33
222.3 0.5819E-03
337 .9 0.6833£~43
38545 Be7153-03
480 .7 Usa7458E-4d3
625.1 Ue8050E-03
794.9 0.8611e-u3
962.5 0.9208E-03
126u.7 Ue9458c-03
CONSTANTS FOR CURVE FITTING:
DATA FIT TQ LOGARITAMIC POWER €XPANSION
Cl1) = =0.3420E 01
c(2) = J.3bl9E G0
G(3) = 061531c-01
Cl4) = =0.24349E-u2
C{5) = Je22382c-dy
STANDARD OEVIATION FOR TIME .62, 1.
STANUARD UEVIATION FUR ALL TIHE =

T N uUM3=

REPORT COBE =

R

iy
QF

LSTRzSS =
BEST FIT

J.3808E-04
0+1356E-03
0.2901E£-03
Jde3521E£-03
DetsBlzE~d3
0.5923c-03
J.b7459E-03
0.7023E-03
0.74942-03
deB8U7LE-G3
J.8622-~03
d.90072-03
0.959C0k-203

G HRS. =

LcﬁqZUE“UC)‘

06,

RECORU COUNT =

SILVER PER

13J.063 KPSI

€2

PerRCENT ERRUR

0e24
b.68
.55
1.73
2453
1.77
1.23
1.82
de47
0.23
J.12
1.53
1.39

Je342uc=05

UL30¢4



e ¢ o &6 06 0 6T O e TE GG E DB OU

STRESS LEVEL NO. 2 NOMINALSTRESS = 23470 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ExROR
1.3 0.,33J97E-33 0.310CE-93 3.07
440 0.5375E~33 J.53062L~03 0.24
29.0 0.9333£-33 03329 -53 0.98
49,0 0.1165E-42 0e1154E-02 1.0C
127.8 0.150u4E-0G2 §.1513-02 0.56
222.3 0.1342E-02 0.1833E-02 3.50
337.9 §.2094E-02 0.2032E-02 0.13
385.5 d.2194£-02 D.218C0E~-02 067
483 .7 J.2315£-32 G.233cE-32 0,74
62541 8.2519£-02 J.2522E-¢2 0.09
794.9 J.,2086bE-32 0.2038E-02 045
962.5 J.2335£-02 0.2838E=-32 013
1200.7 0.,3010E-32 0.2996E~42 0.46
CONSTANTS FOR CURVE FITTINGS
DATA FIT TO LOGARLTHMIC POWER EXPANSION
C(1) = =-0.8251€ Jl
C(2) = 0.6354c 03
C(3) = -0.106LlSE 4o
Ciy) = d.2071E-01
C(5) = -0.1543e-G¢
STANDARD DEVIATION FOR TIME .GE, 1.3 HRS. = 7.98782-U5
STANDARD DEVIATION FOR ALL TIdz = 0.9870E-05
ONLY STARE QUTPUT CALLZD FOR
DATA SET NUMBER
NOTEBOUK NuddeRr 52731 PAGE 1o
MATERIALSETP COPPER WITH ol 0Z OF SILVeR PER
MATEKLAL:TON AT 2%d D<o F

CREEP TEST
TEMPERATURe

(IN DEGREES

F)i2s0.0

2§



SPECIMEN DIAMETER (IN INCHES): 0.02C1
NOMINAL GAUGE LINGTH (Idchnks) i 3040
MAX. NOe. OF SPECIMENS AT EACH STRESS LEVEL

FFRIS XX FFFRERERFLERNRX

STRESS LzviEL 0. 1 NUMINALSTReSS =

TIME (HRS.)

CRecP STRAIN

BeST FIT

1.3 0.1139E-303 06113%E~-03
4,0 0.1583E-C3 0.158332=-d3
29.0 3.27306E-33 Uel736E=-33
49.0 0.3208e-03 0.3172E-03
1253.38 0e4042E~33 0.4017=~-03
222.3 0.45838-03 Jeu71CE=-03
337.9 0.5306t~33 0.5204c-04
385.5 3.5514E =03 de54540-03
483.7 0.530lE~03 0.5792E-03
025.1 0.6153E-03 J.6230c-03
794.39 0.65832-433 0e0b672E-03
962.5 0s7194E-903 0.7054E-03
1203.7 0.7486E-03 0.7538E-03

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC POWER EXPANSION

C(1) = =-uva.9157E 31
c(2) = d.2933E 39
C(3) = D.6333E-1U2
Cl4) = =0.2554E-42
C(5) = J.2300E-U3
STANDARD OeVIATION FOR TIME Gz, 1.0 HRS. =

STANDARD UEVIATION FOR ALt TIMc

H

J.7U58E-05

S 86 469 002 P 008880 s

STRESS LeVeL WO 2 NOMINALSTR=SS =
TIME (HRS.) CReecP STRAIN BeST FIT
1.3 J.2639E-03 0.2044E-03
4.C 0.3372E-U3 Je3946GE-03
29.0 0.7042E-03 0.7100E-03
49 .40 0.8203E-03 0«8241£-03
123.8 0.1000E=-02 Jd.1063e-02
22243 Del1313E-02 0e1257c=02
337 .9 3.137<9E-342 Qo140 3k=-4U2
38545 Jelygntde =02 Jelyoie=-d2
48d .7 D.1515£-02 0.1531&£-02
625.1 0.1063zc -02 0.16286E-0L2
794 .9 f.1699z~02 0.1715k-02
962.5 0.1789E -02 J.1783k~42

¢ 2

1J3.80 KPSI
PERCEZNT ERROR

J.04
0.04
.82
1.12
0.61
2e738
0.79
1.09
1.18
1.206
1434
1.94
0.89

6.7058E-05

21 .40 KPSI

PERCENT ERKOR

[ e i wao Y vies |
*

RGN
e~ e

0.40
0.32
423
1.73
Ua72
l.006
Ua24
0«90
0.34



1260.7

G.1371E-02 0.13857e-02 07t

CONSTANTS FOR CURVE FITTING:

DATA FIT 70 LOGARITAMIC POWcR EXPANSION

G(1) = =-3.3347E 01
G(a2)y = J.43428 du
C(3) = =-0.570Jk-4y1
Cly) = J.1021kE~01
C(5) = =-d.930uke=-03

STANDARD DEVIATION FUR TIME «Gz. L.y HRS., = §.1833c-04
STANDARD UEVEATION FOR AclL TIHME = C.1883k-04
DATA SET NUMBER 3
NOTEBOOK NUMZER 52731 PAGE 11
MATZRIAL:OFAC CUPPER AT 250 OEv F

MATERIAL:
CREEP TizsT
TEMPERATURE (IN UtGREE:

F) .0
SPECIMEN DIAMITER (LW iG H P G.0201
NOMINAL GAUGE LENWTH (LNCH ¢ 36.0
MAX. OF SPECIHMENS STRESS LEV : 2

FEFFRFRFFEHRFAELLNEF

STRESS LeVEL

TIME (HRS.)

1.3

L+.G
29.40
49, u
123.8
22243
337.9
385.5

NO. 1

CREEP STRAIN

0,1331E-93
1.2301L-43
0.4537¢-23
0.54176-03
0.6331E-03
De8061E-03
0.9317£-03
0.1038& -02

NOMINALSTRESS =

BEST FIT

0.1921E-03
d.2395-U3
Jebhu85e-4 3
Ue7211E-0G3
0e874LE-33
0.94953E£~03
0.1036£-02

180.60 KPSI
PERCENT ERROR

d.b45
o4k
2ok 3
1.1¢0
LeO4
J.73
J.36
.11



625.1
794 .9
962.5
123848 .7

0.122¢6k-02
0.1304E-032
0e1375c-02
0.1454E-02

CONSTANTS FUOR CURVE FITTING:

DATA FIT TO LCGARITHMIC

(L)
o(2)
Ce3)
C(4)
Ci(5)

POWER & XPANSIUN

W n bon

~0.85480E 91

0062*3'5'_11

G.1613E wuy

JeB437E-03

STANDARD DEVIATION
STANDARD DEVIATION

® 06 06 & & ¢ 9 &8 5 0 0 0 s

STReSS LEvel

TIME

[N

ll
4.0

29.0

49 .0
123.8
222.3
337.9
385.5
4BJ.7
625.1
79%.9
962.5
1260.7

o

FOR TIwe
Fur ALL TIME

(HRS.) CR

L

ZEP STRAIN
0.4417E~03
0.7028E-U3
D.1444E-02
0.1730-02
0.2526£~-02
0.34158E-02
Ua4l75£~-42

0.4031E£-02

0.5254c~02
Jeb217-U2
0.0878E-32
0.7328e-02
0.9046e-32

_e Gk

0.1202&-32
0.1296E-4d2
0.137p6E-02
Delb78c~02

Lol HRS, =

CONSTANTS FOR CUKQE FITTING:

DATA FIT TO LOGARITHM

IC POWER =XPANSIUN

1.4

C{1)y = =-0.7806Jk U1
c(2)y = Js5231E 4
C(3) = -d.87d4E=-J1L
Cly) = 0.1589e-561
C(5) = -0.7403E-03
STANJARD OEVIATION FIUR TIHe oz,
STANUARD UbVLIATION FJIR ALL TILdc

e 5 0 80 0 & 68 S O Ve S OB

§.1382E-04

NOMINALSTRESS =

gEST FIT

Jo4408E-03
b.70712-03
Jal423E~432
0e.1740c-32
J.25060E~02
0e.3441~402
0.4288E-u2
Ga4009E-32
Ue521k=-32
J.bU71E~02
0.7034E-02
B.7809E-02
0.9827-02

HRS . =

:;-575(31[;‘04-

1.85
0.64
0e1d
1.04

§.1382c-04

20 .60 KPSI

PERCeNT ERROR

de 20
d.062
lebb
0e22
1e34
J.63
0.31
U-‘-}?
0.73
2+35
1.84
.53
0.21

§.5788c-ut



?ﬁ CO00B8  15.014 U4-04
274 HAL
25?. no Ot

CREEP OF ETP COPPER WITH 25 OF SILUER PER TOM RT 250 F
GRAPH SHOWS CREEP STRRIN US TINME DATA SET = | TEMPERATURE = 250 DEG F
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CREEP OF ETP COPPER WITH 60 0Z SILUER PER TOM AT 250 F
GRAPH SHOWS CREEP STRAIN US TIME DATA SET =2 TERPEFATURE = 250 0EG F
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CREEP OF OFHC COPPER WIPE RT 2
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b1
24 1-0

(REEP OF OFHC COPPER WIRE WITH 25 ¢Z PER TOM OF SILVER

0.01

GRAPH SHOWS CcREEP STRAIN VS TIME DaTA SET =1 TEMPERATURE =250 DEG F

NONE

CREEP STRATN

NONE

TIME « HQURS

0FHC COPPER

wITH 25 0Z PER TON OF SILVER

52731 11 250.0 0.0201 3&6.,0 2 2 14

16.0 22,

OGO
1.3
q.o
29.0
49,0
222 .3
337.9
385,35
480.7
£25.1
794 49
962 .5
1200.7

(REEP OF OFHC COPPFR WIRE WITH 40 0Z PER TOi: OF SILVER
GRAPH SHOWS CcREEP STRAIM VS TIME DATA SET

NONE

1
36,0136
36,0171
36.0180
26,0228
26,0248
36.0;7?’3
36.n310
36,0333
36,0340
36,0361
36,0377
36,0395
36, 0ulp
36,0420
0.01

CREEP STRAIN

NONE

TIME « HOURS

0FHC COPPER WITH %0 0Z PER TON OF SILVER
52731 11
10,0 18,

0.0
103
4.0
29.0
43,0
120.8
2223
338,.1
386,.3
48Q0.0
£25.0
795.0
962, 0
1200.7
24 1.0

36,0126
36.0145
36.0152
36,0193
36,0203
36,0227
36,0251
36,0283
36,0289
36,0295
36,0320
36,0334
36,0348
36,0350

26,0600
36,0724
36.0769
36,0923
36.0980
36,1103
36,1226
36,1329
36,1357
36,1413
36,1482
36,1549
36,1601
36,1675

36,0651
36,0778
36,0834
36.0974
36,1029
36,114y
36,1259
36,1358
36,1325
36,1432
36,1502
36,1557
36,1608
36,1674

250,0 0.0201 36,0 2 2 14

7
36,0304
36,0316
36,0351
36.0394
26,0365
36,0395
36,0403
I6.0u421
36,0432
36,0434
36,0447
26,0467
Z6,0u7y
36,0482
0.01

36,0215
36,0220
36,0221
36,0239
36,0250
36,0274
36,0291
36,0303
36,0310
36,0327
36,0327
36,0340
36,0341
36,0350

26,0547
36.0588
36,0636
36.0701
36,0717
36,0767
36.081¢€
36.0853
36,0856
36,0880
36,0910
36,0919
26,0943
36.0966

36,0466
36,0320
36,0547
3£,.0609
36,0630
36,0683
36,0743
36,0772
36,0779
36.0607
36,0833
36,0856
3&.087¢
36,0698

=2 TEMPERATURE

250 CEG F

(REEP OF ETP COPPER WIRE COLD WORKED 10 PERCENT

6RAPH SHOWS CREEP STRAIN VS TIME DATA SET = 3 TEMPERATURE = 250 DEG F
NONE

(REEP STRATH

HorE

TIVE ¢ HOURS _

(TP COPPER (OLC WOPKED 10 PERCENT

52731 11 250.0 0.0201 36,0 2 2 12

10,0 17,5



36,0775
36.0819
36.0n912
36.0952
26,0998
36,1068
36,1154
36,1275
36,1330
36,1375
36,1447
36.1550

36,0856
36,0901
36.0929
36,1015
36,1065
36,1124
36,1227
36,1338
36,1416
36,1435
36,1514
36.1595

36,0854
36,0973
36,1065
36.1338
36.1500
36.1708
26.2089
36,2583
36,2916
36.3106
36,3601
26,4233

36,0580
36,0693
36,0783
36,1032
36,1193
36,1408
3€£.1803
36.2294%
36,2613
36,2817
36,3301
36,3925

5

1.0 0.01
;;EP OF OFHC CQPPER WIRE WITH g0 ©Z PER TOft OF SILVER
aPH SHOAS CREEP STRAIN VS TIME DATA SET =4 TEMPERATURE =
4ONE

FREEP STRATH

YoME

1I1ME yHOURS

JFHC COPPER WIRE WITH &0 0Z PER TOn OF SILVER

731 11 250.0 0.0201 36.0 2 2 12

Emo 24,2

26.0501
36,0502
36,0502
36 .052¢
26,0534
36,0542
36,0556
36,0568
36,0581
36,0581
36,058y
I6.0594

250 DEG F

36,0534
36,0536
36,0540
36,0361
36,0965
36.0598
36,0598
36,0600
36,0620
36.0620
J6,0627
36,0627

.0 36,1098
36,1116
36,1140
36,1193
36,1211
36,1242
36,1310
36,1324
36.1378
36,1378
36,1402
35,1418

36.0931
36.0959
36,0989
26.10%56
36,1089
36,1127
36,1162
36,1227
36.1231
36,1246
36,1267
36,1284

°
L]

O F o
N o a

2
527
97.8
192.8
337 .4
439,.2
5073
6753
"71207



SNUMB = C0673s ACTIVITY

DATA

NOTEBOOK NUMBER 5

ﬁzﬂl,

SET

2731

REPORT CODE =

PAGE 11

RECORD COUNT

MATERIAL:OFHC COPPER WITH 25 0Z PER TON OF SI

MATERIAL:LVER
CREEP TEST

TEMPERATURE
SPECIMEN DIAMETER

NOMINAL GAUGE LENGTH

MAX . NO.

PR FRENFFE I ERR XL RN

{IN INCHES)
(INGCHES)

(IN DEGREES F):250.0

¢ 0.0201
H 36.0

OF SPECIMENS AT EACH STRESS LEVZL

STRESS LEVEL NO. 1 NOMINALSTRESS =
TIME (HRS.) CREEP STRAIN BEST FIT
1.3 0.7530E-04 0.74G1E-04
4.0 0.9723E-04 0.9953E-04
29.0 0.2208E-033 0.2122E-03
49.0 0.2625E-03 0.2583E-03
120.8 0.3347E-33 0.3523E-03
222.3 0.4153E-03 0.4283E-G3
337.9 0.4917E-03 0.4870E-03
385.5 0.5037E-03 0.5071E-03
480 .7 0.5472E~0G3 0.5427E-03
625.1 0.6042E-03 0.5833E-03
794,9 0.643b6E-03 J.6370E-03
562.5 0.6917E-03 0.6735E~03
1200.7 0.7056E-03 0e7347E-03

CONSTANTS FOR CURVE FITTINGS

DATA FIT TO LOGARITHMIC

c(1)
c{2)
C(3)
Cli4)
C(5)

Wt it nen

STANDARD DEVIATION FOR TIME
STANDARD DEVIATION FOR ALL

-0.9538E 01
0.8843E-01
U.1358E 4y

~0.2%70c-01
JelbtolE-(2

+GE. 1
TIME =

POWER EXPANSION

«0 HRS. =
g.1241E-04

: 2

10.00 KPSI

PERCENT ERROR

0.78
2’37
3.92
1.60
5643
3.1b
0.94%
.52
0.83
2.“6
1.79
1.77
bal3

Jel241E~0k

233396

%]



"O...'.-.....O‘ﬂ.“.

STRESS LEVEL NO. 2

TIME (HRS.)
1.3
4.0

29.0

49.0
120.8
222.3
337.9
385.5
480.7
625.1
784,9
962.5
1290.7

CREEP STRAIN

0.3486E-03
0.4889E-03
0.,8972E~03
0.1053E-02
0.1383E-¢02
0.1714E-02
0.1994E£~02
0.2071E~-02
0.2214E-02
0.2407E-02
0.2576E-02
§.2713E-G02
0.2914E-02

NOM INA

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

POWER EXPANSION

-0.8049E 01

c(1) =

c(2) = 0,3351E 040

C(3) = =-0.2598E-01

C(y) = 0.6639e~-02

C(5) = ~0.4810E-03
STANDARD DEVIATION FOR TIHME .GE. 1.

STANDARD DEVIATION FOR ALL TIME

¢ & 0 2 6 P VS 00 O G OBU 39S ASSR

DATA SE

NOTEBGOOK NUMBER

52731

T

d

LSTRESS =
BEST FIY

0.3481E-03
0.6911E-03
§.8832E-03
§.1049E-02
Je1447E~-02
0.1721E-02
(+1975E-02
0.2061E-02
0.2211E-02
0.2401E-02
0.2533E-02
0.2733E-02
0.2910E-02

0 HRS. =
«1075E~-04

NUMBER

PAGE

11

2

2210 KPSI
PERCENT ERROR

OGiS
0«45
0.89
0.33
174
Talely
1.00
0.50
0.12
0.25
J.26
0.50
013

0.1075E~04

MATERIAL:OFHC COPPER WITH 40 0Z PER TON JF SI
MATERIALSILVER

CREEP TEST
TEMPERATURE

{IN DEGREES F)1250.0

SPECIMEN DIAMETER (IN INCHES):

0.0201

G2



NOMINAL GAUGE LENGTH (INCHES):t 36.0
MAX. NO. OF SPECIMENS AT tACH STRESS LEVEL ¢ 2

FFFRFAFEFRFRRLEFYERE

-

R
-,

STRESS LEVEL NO. 1 NOMINALSTRESS = 10.08 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR
1.3 002361E“UQ 012393E“Dq 1u35
4.0 0.7361E-04 0«70065E-0% L.02
29.0 801083E‘03 J.1183E-03 9020
49.0 0.1333E~-33 0s1343E~-03 071
120.8 0.2083E-03 0,1843E~-03 11.55
222.3 0.2431E-03 §.2418E~03 J.51
338.1 0.2847E-03 0.2330E-03 2.90
386.3 0.3097E-03 0.313d6E-03 0.27
48000 0-33615”03 0-33955”33 1900
625.0 0.3542E-03 0.3727E-03 5.24%
7895.0 0.4000E-03 0.3978E-03 0.55
962.0 D.4050E~-03 Ge4116E-03 1.45
1200.7 0«4347E-03 Joelb174E~-03 3.99

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC POWER EXPANSICN

C(1) = -g0.11098 @2

c(z) = 0.1884E 01

C(3) = =-0.7290E 0C

Cly) = 0.1304E 030

C(5) = =~-0.7862E-02
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. = 0.1058E-04

STANDARD DEVIATION FOR ALL TIME = 0.1058E-04
STRESS LEVEL NO. 2 NOMINALSTRESS = 18.73 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR

1.3 0.1320E-03 0.1320E-03 d.07
4.0 0.2361E-03 D0.2357E-03 0.10
29.0 0041255“03 DUQ1UOE‘03 0060
49.0 0.4639E-03 0e4701E-03 1.34%
120.8 0.56069E-03 0.,6102E-03 0.54
338.1 0.8500E-03 0.8435E~-03 0«70
38643 0.83639E-G3 0.8739E-03 174
480.0 0.9361E-03 0.9380E-03 D.21
625.0 0.1014E-02 0.1011E-02 0.33
795.0 UanSBE‘GZ QOIGPSE-OZ 1.56
362.0 0.1124€E-02 0.1123E-02 0.09
1200.7 0.1182E~-02 B1172E=-07 N.R?7



CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

STANDARD OBEVIATION FOR TIME

c(1)
c(2)
C(3)
Cl&)
C(5)

POWER EXPANSION

-0.,91308 01
G.8115E 0D
~0.2323E 00
O0.4%038E~01
-J.2%10E~02

+«GE. 1

STANDARD DEVIATION FOR ALL TIME =

....'.'l...‘ﬁl‘l..b‘q

NOTEBOOK NUMBER

DATA SE

52731

+0 HRS. =
0.9179E-05

N UMBER

PAGE 11

~)
<

3

MATERIALZETP COPPER COLD WORKED 10 PERCENT

MATERIAL?
CREEP TEST
TEMPERATURE
SPECIMEN DIAMETER
NOMINAL GAUGE LENGTH
MAX o

(IN DEGREES F):250.0

FHRREPRRFF LR RREL R LY

STRESS LEVEL NO. 1

TIME (HRS.)

1.
4.
9.

oo

2
5247
97 .8
192.8
337 .4
439.2
587 .3
675.3

CREEP STRAIN

0.1236E-03
0.2917E-83
D.4607E-03
0.6000E-03
0.7792E-43
J.1044E-02
0.1368E-02
0.1549E-02
0.1639E-02
0.1847E-02

(IN INCHAES)? (0.0201
(INCHES) @
OF SPECIMENS AT EACH STRESS LEVEL ¢ 2

3640

NOMINALSTRESS =

BEST FIT

B.1240E-03
0.2883E~03
Je4 807E-03
0.5830E-03
§.7572E-03
0.1043E-02
0.1374E-02
0.1556E-02
0.1060E-02
0.1867E-02

10.00 KPSI
PERCENT ERROR

0.29
1.16
4.29
1-83
2.8¢2
.15
0e43
0.48
1.29
1.05



CONSTANTS FOR CURVE FITTING:?

DATA FIT TO LOGARITHMIC POWER EXPANSION

C{(1) = -0.,8995t 901
ctz2) = 0.9305E 00
C(3) = =-0.3580E 00
Cla) = 0.7325E-01
C(5) = ~0.4%353E~-02
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. = J.1706E-04
STANDARD ODEVIATION FOR ALL TIME = 0.17 0BE-04
STRESS LEVEL NO. 2 NOMINALSTRESS = 17.50 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR
1.0 0.3222E-03 0.3223E-03 J.02
4,0 0.5750E-03 0.5743E-03 0.13
29.56 0.1300E-02 0.,1314E-02 1.11
52.7 0.1749E-02 0.1719E-02 1.67
132.8 0.3414E-02 D.3419E-02 0.186
3374 D.4782E-02 0.4794E-02 0.26
k339.2 0.5688E-02 0.5675E~-02 .22
507.3 0.6235E-02 0.b6239E-02 G.07
675.3 §.7594E~02 0.7571E-02 0.31
912.7 6.9339%E~-02 3.9354E-02 0.17

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC POWER EXPANSION

Ct1) = =-0.8040c 01
ci{z) = 0.4%485E 00
C(3} = -0.3345E-01
Clg) = 0o7997E-02
C(5) = ~0.3092E~-03
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. = 0.1409E-04

STANDARD DEVIATION FOR ALL TIME = 0.1463E-04

58 0 08 0 0 O 856D 09 D e 8 s



DATA SET NUMBER b

NOTEBOOK NUMBER 52731 PaGE 11
MATERIALSOFHC COPPER WIRE WITH 53 0Z PER TON
MATERIAL:OF SILVER

CREEP TEST

TEMPERATURE (IN DEGREES F}:250.0

SPECIMEN ODIAMETER {(IN INCHES)!t 0.0201
NOMINAL GAUGE LENGTH {(INCHES): 36.0
MAX. NO. OF SPECIMENS AT EACH STRESS LEVEL @ 2
FAPFFIFFFFEERETREF AR
STRESS LEVEL NG i NOMINALSTRESS = 10.00 XKPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERRIR
i.0 0.4150E-05 0.4148E~05 0eb2
4.0 0.9722E-05 0«9883E-05 1.65
9.6 0.7222E-04 J.0773E-04 6.22
527 0.9445E~-04 0«1012E-03 7.20
97.8 0.1458E~03 j.1338E-03 4,82
192.8 0.1653E~-03 Je1745E-03 5.59
337 .4 0.1847E-023 01938E-03 8.17
439.2 0.2306E-03 0.2126E-03 7.73
507 .3 0.2306E~03 De22d6E-03 .33
675.3 .2444E-03 ODe2l01E-03 1.80
912.7 0.2533E~-03 Je.26935E-03 4.33
CONSTANTS FOR CURVE FITTING?
DATA FIT TO LOGARITHMIC POWER EXPANSION
c(1) = ~-0.1239E 02
c{z) = 01113 03
C(3) = J0e5179E 00
C(g) = -0.4100 040
c(5) = Je7450E~Q2
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. = 0.9515E~35.
STANDARD DEVIATION FOR ALL TIME = 0.9515E~-05
STRESS LEVEL NO. b NOMINALSTRESS = 24.20 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR



1.0
4.0
29.6

52.7

37.8
182.8
337 .4
639.2
5087.3
675.3
912.7

0+1194E~-03
0.i944E£-83
0.3611E-03
0.4319E-03
0.5278E~-03
0.6708E£-03
0.7806E-03
0.8611E-03
0.8819E-03
0.9444E-03
0.9903E-03

CONSTANTS FOR CURVE FITTINGS

DATA FIT TO LOGARITHMIC

STANDARD DEVIATION FOR TIME

C(1) = .-0.,9033E g1
ctz) = D.4264E 00
C(3) = -0.74%47E-01
Cl4) = 0el771E-01
C(5) = =0.136dE-02

«GE 1

STANDARD DEVIATION FOR ALL TIME =

S & & OO O B P GE GO Y O NSO TG

8.1138%4E-03
0.19849E~03
0.3584E-03
§e4327E-03
0.5324E-03
0.5604E-03
§7339E-03
0.8504E-03
0.8821E~03
0.9413E-03
0.,994bE-03

POWER EXPANSION

«0 HRS. =
0.5221E-05

0e5221E~05

&
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CRFFP OF OFHC COPPER WIRE WITH 25 07 PFR TON OF SILVFR
GRAPH SHOWS CRFFP STRAIN VS TIME DATA SRT =1 TFMPRRATURE =250 DR F
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Runes
K374 MOQ0R MOT4 KA

£ 11320 HRS

g 0%y 37,70

Eod

>

1.200

GRAPH SHOWS CRFFP STRAIN VS TIME DATA SET =2 TEMPFRATURE = 250 DAY F

CRFFP OF OFYC COPPFR WIRF WITH 40 07 PFR TON OF STLVER

1.0

/’Q,/

1,000

0.800

0.800

0.700

0.600

4.500

0,400 ]

0.300

#.200

5,100 1{

#..900 b
0.

TIMS  HOURS
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| sl
[ oA
v
§
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CARFEP CF FTP COPPER WIRF COLD WORKFD 10 PFRCFNT
GRAPH SHOWS CRFEP STRAIN VS TIME DATA SET = 3 TRMPERATURE =

250 DFO R

1.000

0. 800
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0.800

0.700

0.600
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1.000

0.900

0.R00

0,700

0.600

CREEP OF OFHC COPPFR WIRF WITH 60 07 PFR TON OF SIHLVFR
GRAPH SHOWS CREFP STRAIN VS TIMR DATA SET =4 TFMPERATURE = 250 DFQ F
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&9 o

1
Z 4 1.0 0.01
(REEP OF HIGH PURITY (99,.,999+) COPFER
GRAPH SHOWS CREEP STRAIN VS TIME DATA SET = 1 TEMPERATURE = 250 DEG F
NOHE
(REEP STRAIN
HONE
1I4E+ HGURS
HIGH PURITY (39.999+)PERCENT COPPER AT 250 DEG F
52731 14 2?0.0 C.0201 35.0 2 2 12
10,0 19,
Qe 36 1004 36,1911 36,1310 36,1076
1.0 36,1039 36,1547 36,1473 36,122%
4,0 36,1061 26,1591 24,1618 36,1381
30«0 36,1143 36,166 36.2041 36,1907
927 36,1293 36,1778 36..438 3A,.234%5
38.0 36,1337 36,148& 36,3399 36,3810
193.0 36,1681 36,2032 0 0 ]
337.9 36.u080 36,2839 0 ©
43G9.2 36,177 36,4322 0 0
507.0 36,7585 26,5833 0 0
675.0 35.9744% 379042 0.0 0.0
g13.0 37.n880 37,0976 0.0 0.0
CREEP OF HIGH PURITY (99.99%+)COPPLR #IRFE wWITH 2% 02 PER TON OF SILVER
GRAPH SHOWS CREEP STRAIN VS TIME DATA SET =2 TEMPERATURE = 250 LDEG F
NONE :
(REEP STRATHM
NOME
TIME 4 HQURS

HIGH PURITY
52731 14 2%50,0
10,0 21,6

(99.999+)PERCENT COPPER
0.0201 36,0 2 2 12

«IRE WITH 25 02 PER TON OF SILVER

o
[

(REEP NF

HONE
(REEP ST
HOHE

36.059
36,0k21
36,0636
36,0696
36,0738
36,0746
36.0101
e, na22
36,0048
26,0864
16,6384
36,0027
De01

HIGH

RATIN

TI¥EWHOLIRS

HIGH PUR

82731 20

10,0 19,
0.0
1.0
23,40
94,0

ITy

%6 191
Bb.n?lb
36.0275
36,0335

PURITY
fRaPH SHOWS CcREFP

36.0817
36,0830
36,0862
26,0508
36,0940
36,0562
36,1003
36,1053
36,1057
36,1072
36,1100
36,1113

36.0304
36,0357
36,0431
36,0203

STRALIN

26,0846
26,0957
36,1032
36,1204
36.1300
26,1396
36,1537
26.1693
2h.1756
36.1820
36,1960
36.2024

36,6371
26,0671
26.0868
36,1151

36,1013
36.1124
36,1216
36,1336
36,1500
36,1648
26,1732
36,1830
36,1974
36,200A
36,2102
36,2229

{99,999+ )PERCFNT COPPER WIRE
VS TIME DaTa SET

(99,999+)PERCENT COGPPER wIRE

200.0 0.0201 35,0 2 2 12

36,']7:‘%
36.C876
36,1092
36,1371

3 TEMPERATURE 200 DEG



2016
311l.8
359.8
45940
£01.0
765.9
1174 .6
2 4 1.0

(REEP OF HIGH PULRITY

NOME

36,0279
36,0430
36,0449
36,0469
36,1500
36,0530
36,0563
36,0600
N.01

CREEP STRATI

NONE

TIME «HOURS
HIGH PURITY COPPER WIRE

52731 20 200.0 0.0201 36,0
10,0 21.

S

ZE.N339
36,0358
26.039:
36,044y
36,0573
25,0487
36,0499
36,0521
36,0523
36,0540
36,0541
36.0560

36,0571
36,0617
36,0631
36,0064
36,0696
36.0742
36,0766
36,0799

36.0351
36,0390
36,0440
36,0471
36,0499
36.0510
36,0513
26,0537
36,0547
36,0563
36,0571
36.0576

36,1410
26,1694
36,1790
36,2000
36.23086
3I6.2639
36.3109
36,3783

WITH 25 0Z PER TON
2 2 12

36.0504
36.0593
36.0737
36,0861
36,0950
36,1014
36,1039
36.1081
3h.1124
36,1160
36.1204
36,1242

[SABESNY
- L

4~

o W= 0 O O~
TN NN T D

o E
U~ N

O O CH v O8O3 O

0o

(OANNARR AN AR AR A
L %
LN PO D et e

(63]

36,6575
36,0654
36.0800
26,3915
36,0394
36,1057
36,1070
36,1110
36,1147
36,1195
36,1225
36,1263

4 TEMPERATURE 200 DEG

(99.999+)PERCENT COPPER WITH 25 02 PER TOM OF SILVER
GRAPH SHOWS CREEP STRAIM VS TIME DATA SET



SNUMB = C0057, ACTIVITY # = Ul, REPORT CODE = 96, RECORD COUNT = (0383

O

&

DATA ST NUMBER 1
NOTzBOOK NUMBER 52731 PAGe 14
MATERIALIHIGH PJRITY (393, 3399+)PERCENT COPPER A

MATERIAL:T 255 DEG F

GREEP TEST

TEMPERATURE (IN UEGREZS F)1250.0

SPECIMEN DIAMETER (In LWUHES): G.0201

NOMINAL GAUGz LaENGTH (INUHES) T  S0.0 :

MAX. NO. OF SPECIMENS AT tACH STRESS LEVEL 3 2

FEFFFFANEFFFFFHFXFLERY

STANDARD DEVIAT1ON FOR ALL TIMe = g

+5800E-02

STRESS LEVEL NO. 1 NOMINALSTRESS = 10.00 XPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR
1.0 J.%9361t~-34 d.9648E-U4 2.14
4,0 3.1963E-03 0.2051E~-03 7.8u
30.0 0.4028E-03 0.381LE~-U3 5¢40
5247 0.7167E-03 0.5687£-03 20.64
98.0 0.9801E-03 0.1658E£-02 7.29
1983.0 J.1864E-02 J.2597£~02 50.08
337 .0 0.6117E-02 0.0351E-02 3.83
567 .0 0.15145-301 0.1314E-01 13.25
6750 ) J.3049E-01 0e2244E-01 38.49
913.0 0.208pbE-91 0.4007£-01 49.18
CONSTANTS FUR CURVE FITTING:
DATA FIT TO LOGARITHMIC POWER EAPANSION
G(1) = -0.3240& U1
c(2) = 010298 01
C(3) = -0.4345E 03
Cly) = 0.1131E dJd¥
C(5) = =-0.6413E-02
STANOARD DEVIATION FOR TIML .GE. 1.0 HRS. = e-C2



STRESS LEVEL NO. 2 NOMINALSTReSS = 19.70 KPSI

TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR ﬁg;;j
1.0 0.4333E-03 0.,4333E-03 do0C g4
4.0 0.8514E-03 0.8514E£-03 b06
30.0 0.2109E-02 Je2lbYE=-u2 g.00
52.7 8.3328E=-02 0.3325c-02 0.00
98 .0 0.66399c=-02 Jdeob39E-02 0.00

CONSTANTS FOR CURVEZ FITTING:

DATA FIT TO LOGARITHHMIC POWER EXPaANSION

C(1) = =-3.774%c 41

Ctz) = d.5175c 43

c(3) = 0.3751L-02

Cly) = =-0.2742E-31

C(5) = 0.663u4c-32
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS, = Uel84b6c=-u7
STANDARD ODEVIATION FrOR ALL TIME = lel840E-07

@ PP GO GO N o DGO 600 60 0

ONLY STARE OUTPUT CALLED FOR

BATA SET NUMBER é

NOTEEOOK NUMBER 52731 PAGE 14

MATERIALIHIGH PURITY (93,.49%3+)PerRCENT COPPER
MATEKIALSWIRE WITH 25 0Z PEx TON OF SILVER

CREEP TEST

TEMPERATURE (IN DEGRzES F)i250L.¢

SPECIMEN DIAMcTER (IN INCHES) ! de.u2ll

NOMINAL GAUGE LENGTH (InohES) T  3b6.L

MAX. NOo. OF SPECIMENS AT EAuAd STRESS LEVEL : 2

FHEFFEFERRFFFFRFLR X

STRESS LEVEL NO. 1 NOMINALSTRESS: = 10.00 KPSI



TIHE (HRS.) CREEP STRAIN
1.6 8.5278E-d4
a0 0.1131E-03

30.0 0.2653E-03
52.7 §.3081£-33
98.0 0.43097E-03
163.80 0.54312-93
337.0 J.06417E-33
4339.2 0.6833E-33
567 .0 §a7204E-33
675.C 0.7358E~33
913.0 0.8708:-03

BeST FIT

U.5287E-04
0.1172E-33
0.2784E-03
0e3424£-03
0.4256c-03
B.5342E-03
0.6386E=03
3.6952E-43
G.7266c-03
3.79328-03
0.8076c-03

CONSTANTS FUR CURVE FITTING:

DATA FIT TO LOGARITHMIC POWER EXPANSIUN

C(1) = -0.3843E 01
c(2) = Jebob2st 310
C(3) = =d.7337&-J1
Cly) = 0.7920E-32
C(5) = =-0.3575&E~33

STANDARD OEVIATION FOR TIME .GE. 1.0 HRS. =
STANDARD DEVIATION FOR ALL TIMz = UelUuS5E-04
STRESS LEVEL NO. 2 NOMINALSTRESS =

TIME (HRS.) CREEP STRAIN BeST FIT

1.8 3.3983E-33 0.3091E-43

PERCENT ERROR

J.16
0.70
4.96
6+ 36
3.80
LeB3
0.33
1.73
0.06
.33
§.34

3.1085c-0¢4

PERCENT ERKOR

de26



TIME (HRS.) CREEP STRAIN

BEST FIT

4.4 0.5403E-03 0.534b6E~03 1.05
30.0 0.1015E-02 0.1060E-02 el d
52.7 0.1307E-32 J.1281£-92 1.99
98.0 J.1b40z =02 0.1581E~02 J3.95
183.¢ 3.1958£-932 0.1932E~0G2 1.72
439,.2 0.2599-32 §.2627E-02 109
507 .0 0.2732E-02 0.2754E-02 0.80
675.0 g.306UE~Q2 0s.3020E~02 130
913.3 0.3325E~-02 .3318E-02 021
CONSTANTS FOR CURVE FITTING:
DATA FIT TO LOGARITHMIC POWER EXPANSION
C(1) = =g.,3i482E 1
C{(2) = J«44%53E 20
C{3) =~ =0.4674E-31
C(s) = §.3301E-32
C(5) = =0.5274%t-03
STANDARD DEVIATION FOR TIHE .GEZ. 1.0 HRES. = 063179c-04
STANDARD UEVIATION FOR ALL TIME = §.3179E-04
DATA SET NUMGBER
NOTEBCOK NUMBER 52731 PAGE 240
MATERIALYHISH PURITY (34.993+)PERCENT COPPER
MATERIAL:WIRE
CRECP TEST
TEMPERATUKE (IN DEGREES F)«w25Uey
SPECIMEN UIAMETER (IN INCHES) Leo201
NOMINAL GAUGE LENGTH (INCHES) 30,0
MAX« NO. OF SPECIMENS AT EACH STRESS LEVEL @ 2
FREFRREFFERFLRRRLE RS
STRESS LEVEL NO. 1 NOMINALSTRESS = 10.060 KPSI

PERCENT ERKOR

S5



1.8
23,9
9440

201.6
Ji1.8
359.8
455.0
601.4
765.9
954.3
1174 .0

0.1008E-33
0.2331£-03
Jelt704E~-T3
J.6319E-33
Je7007E-03
0.8125E£-983
0.8361e-33
0.3735e-93
0.1073c-82
0.1107£-02
J.1250E-02

CONSTANTS FOR CURVE FITTLING:

DATA FIT TO LGGARITHMIC

STANDARD DEVIATION FOR TIME

C(1) = --3.3143t 01
C(2) = Oeb44doE Ty
C(3) = =-0.3515E-01
Glg) = 0.189uk-ul
C(5) = =-0.123LE-32

«GE . i.

POWER EXPANSION

STANUARD DEVIATION FOR ALL TIMe =

® 40 GG ¢ B OO VE L O S eGE B LG

STRESS LzZVEL NO.

3.10069E-03
0.2930E-03
Je4755E-03
§.639¢c~03
B.7608&£-03
0.8050E~03
0.8840E~03
0.9848E-03
0.1079E-02
0.1107E=32
0.1253E-02

d HRS. =

0.4985E-05

2 NOMINALSTRESS =

TIME (HRS.) CREeP STRAIN
1.0 3.2389E-03

23.0 0.8025E-03
S4.0 0.1615£-32
201.96 0.2322E-02
311 .8 0.3005c£-d2
353.8 0.3303E-02
4£55.0 0.3854E-02
765.9 0.5510E-32
854.3 0.6085E-02
1174.6 0.3340E-032

CONSTANTS FOR CURVE FITTEING:
DATA FIT TO LOGARITHHIC

STANDARD DEVIATION FOR TIME

STAMMADN ALUTAT NN FOR A}

C(1)
c(2)
C(3)
Cl4)
G(5)

POWER EXPANSION

uwa nu

-0.8143¢ 01

0.1043E J4y
0.1513c 0U

~0s302de-U1

3.2335E-02

-
» UL »

TIME =

BEST FIT

0.2889E-03
0.8614E~03
0.1619E-02
9.2358E-02
0.3010E-u2
0.32835-02
0.3320E-02
0.4648E-02
0.5612E-02
0.67685-02
0.821CE-02

1.3 HRS., =
0.6169t-04

g.00
.00
.20
115
§.70
0385
.24
1.15
0.086
0.65
g.22

J+.49385c-05

19.70 KPSI
PERCENT ERROR

de01
0e1s
.20
1.55
1.84
J.59
0.89
J.23
1.86
1.25
l1.62

J.0169t-04

o

§E§i

N
‘"‘:\
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0ATA SET NUMBER 4

NOTEBOOK NUM3ER 52731
MATERIAL:!AIoH PURITY
MATERIAL:cR TON
CREEP TEST

TEMPERATURe (IN D:GR
SPECIMEN DIAMcTER
NOMINAL GAUGE L=ZNGTH (
MAX. NO. OF SPECIHMENS

PAGE
CIPPER WIRE
OF SILveR

24
WITH 25 0Z P

STRESS LEVEL 3 2

R L Y

STRESS LEVEL NO. 1 NOMINALSTRESS = 13.00 «KPSI

TIME (HKS.) CREZP STRAIN BEST FIT PERCENT EKROR
1.0 G.8056kE-24 Je8uS55E-d4 g.01
23.8 Je2J50E~J3 0.20626-03 0.29
94.0 0.3125E£-33 §.3093£-03 1.03
201.6 3.3317£-03 0.388C&~-03 0.395
311.8 J.420642-03 0e44d862-03 3438
353.8 0o4472E-03 0.4593E£-03 2.69
455.0 0.5111E-03 D.4905E-u3 4,03
661.C 6.5278£-03 0.5288E-03 019
765.9 0.5736E=-03 0.5027E-33 1.81
954 .3 0.5801kE-03 J.5933c-03 1.2¢
1174.6 0.6195E-33 0.62106E-03 0.3%4
CONSTANTS FOR CURVE FITTING:
BATA FIT TO LUGARITHMIC POWER &XPANSIUN
C(1) = =0.3427& 41
c(z2) = dedo3it Uy
C(3) = =~u.5333c-dl
Cly) = 0el1133de-~4d1
C(5) = =0.7502c-33
STANDARD OEVIATIUN FOR TIME .Gz, 1.y HRS. = 0.9429:-05



STANOARD DEVIATION FOR ALL TIME =

% 48 8O Y OO W VOB GE T OO

STRESS LEVEL NO.

TIME (HRS.)

1.0
23.3G
QQ.D

2CG1.0
311.8
353.8
455.0
601.GC
765.9
9543
1174.6

0.9429€-05

2 NCOMINALSTRESS =

CREcP STRAIN BEST FIT
3.233356-03 0.2333-33
3.6301E-03 J.0360c-03
J.9681c-33 Ue9041E-03
B.1201E-02 d.1210c-u2
0.1378E-802 0e.1375E-02
0.1431£-02 0.1434E-02
0.,1544E~-02 0.1534c-02

0.1650c =32
0.1772E-32
0.1376E-02
0.1331E-82

CONSTANTS FOR CJrRVE FITTING:

DATA FIT TO LOGARITHHIC

STANDARD DEVIATION FOR TIME

C(1)
G(2)
C(3)
C(4)
C(5)

PIWER ©XPANSION

e u i u

-0.3353E 01

0«331/7E 40

~lel4lodc=-01

0e7431te-02

-0eb4732E-43

.GE' 1‘

STANDARD DEVIATION FOR ALL TIME =

06 89 ¢ 6 9 9 690 0T E eSO

0.1b5GE-02
0.17722-02
0.18758E-02
0.1980E-02

d HRS. =

0.4540E-05

21 .60 KPSI

&

Sé6

PERCENT ERROR

doe 00
d.07
el
0,70
Jed?
0e24
Jobd
.19
0.00
Oi j..ﬂ
0.02

0.4546E-05
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w8 coosS7  14.433 0404
gaXH27 4 s HAL

oRGE MO 02
CREEP OF HIGH PURITY {53.853+)COPPER MIRE WITH 25 0 PER TON OF SILUER
CRAPH SHBWS CREEP STRAIM US TINE DATR SET =2 TEMPERATURE = 250 DEG F
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CREEP OF HIGH PURITY <83.993+>PERCENT COPPER MIRE
GRAPH SHBLS CREEP STRAIN US TIME DATA SET = 3 TEMNPERATURE = 200 DEG F
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4800037 14.333 0404
ggm27”"HRL
saGE N& o 04

CREEP BF HIGH PURITY (95.S5383+)MPERCENT CHPPER WITH 25 B PER TON 8F SILUE
GRAPH SHOMS CREEP STEAIN US TIME OATA SET = 4 TENPERATURE = 200 DEG F
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4 1
21} 1-0

0.01

(REEP GOF ETP COPPER WwIRE WITH 25 0z PER TON OF SILVER
GRAPH SHOWS CREEP STRAIN VS TIME DATA SET =1 TEMPERATURE

HOME

(REEP STRATH

NONE
TIME

yHOURS
(TP COPPER wIRE WITK 2% C7Z PER TON

1000 20'

.
N NDODMNO O D

.

(SRR o
[OANE BNV ERN SRR AV}
e o

DO PDWwWOFFEHO
L ]

IS
N
Q

£00.2
770.6
g37.%
1175.9

-

36.033%.

36.03261
36,038%
36,0400
36,0431
I6.,. 0444
26,0460
36,.nu8p
26,0497
36,0511
36,0511
36,0223
26,1533
001

26,0329
36.0351
Jo.0368
36,0388
36.0424
36,0439
35,0471
36,0471
36,0485
36,0469
36.0506
36,0514
36.0527

36,0666
36,0741
36.0757
36.0833
36.0928
36.1000
36,1087
36,1092
36.1093
36,1141
36,1166
26.1192
35,1214

36,0748
36,0799
36,0854
36,0958
36,1033
36,1053
36,1153
36.1181
36,1176
36.125%0
36,1250
36,1293
36.1305

OF AG AT 200 DEG F

(REEP OF ETP COPPER WIRE WITH 60 CZ PER TON OF SILVER

GRAPH
HOME

(REEP STRATH

HONE
TIME »

HOURS
(TP COPPER

wIRE

SHOWS CREEP STRAIN

WITH

VS TIME DATA

&0 0z PER TON

52731 13 200.0 0.0201 36.0 2 2 13

:1000 21—.

0.0
1.0
4‘0
2443
96,0
198.0
312,95
260,.5%
456.0
600.2
770 .6
337 .
1175.5
24 1.0

(REEP OF OFHC COPPER
SHOWS CREEP STRAILN VS TIME DATA SET

ORAPH
HONE

41
36,0384
36.n391
26,0404
26,0414
6,nu5%
36,0465
36.0473
2E.O4B0
36,0482
36.0502
26,0902
36,7517
36.0517
Q01

(REEP STRATIM

HOME

IIME+HOURS

0FHC COPPER

82731 17 264.,0
10,0
0.0 36.n405
1.0 36,0444

36.0510
36,0537
36,0540
36.0349
36,0556
la.5%92
36,0592
36.0818
36,0626
36.0646
e, 0649
36,0049
36,0050

36.0693
36.0745
36,0775
36.0819
36,0890
36.0926
36.0961
36.0979
36,0987
36,1010
36.1022
36,1045
36,1057

WIRE

#IREC AT 200 DEG F

36,0779
36.0833
36,0864
36,0934
36,0978
36.1017
36,1042
36,1042
36,1061
36,1089
36,1091
36,1121
36,1122

G.UP01 36.0 2 1 12

36,0373
36.0406

SET

2 TCMPERATURE

CF SILVER AT 200 DEG F

3 TEMPERATURE

200.00EG F

&

Jon #¢
(Dﬁrﬂxwa |
ﬁg\ B/Zﬁ/]c,

200 DEG F

200 DEG F



23.0
4.0
201.6
311.8
3598
4550
60140
765.9
95”’-3
1174 .5
2 33 1.0

(REEP OF OFhC CGPPFR WIRE

36,0503
36.3236
36.05646
35,0582
36.0587
36,0605
36,0605
26,0630
36,0645
2E . 0604
0«01

36.0454
36,0487
36,0518
36,0540
36,0537
36,0563
3e.0564
36,0593
36,0607
36,0630

G

GRAPH SHOWS CREEP STRAIN VS TIME DATA SET = 4 TEMPERATURE = 20n DEG F

HONE

CREEP STRATIr

NONE

TI4E HOURS

0FHC CCPPER

20.6

£ o
L ]
o oo

2440

96.0
198.0
312.9
360.':‘
uS6. 0
600.2
77064
9375
1175.9

36.0843
36.095%
26,1010
36,1122
36,1281
26.1396
36,1493
36,1541
26,1976
16,1667
36,1752
36,1824
36,1928

wIRE AT 200 DEG F
52731 17 200.0 0.0201 3¢.0 2 1-13

36.0717
36.0830
36.0882
36,0983
36,1130
36,1237
36,1325
36,1357
36,1398
36,1483
36,1558
36.1628
36.1708

o)



SNUMB = (C0801, ACTIVITY

DATA

NOTEBOOK NUMBER 5

# = 01,

SET

2731 PAG

REPCORT CODE =

NUMBER

£ 13

06

1

RECORDO COUNT

MATERIALIETP COPPER WIRE HWITH 25 QZ PER TON O
MATERIAL:F AG AT 200 DEG F

CREEP TEST

TEMPERATURE (IN DEGREES F):200.0

SPECIMEN DIAMETER

NOMINAL GAUGE LENGTH
OF SPECIMENS AT EACH STRESS LEVEL

MAXe NO.

T I II T Y R Y 51

{IN INCHES)
(INCHES)

STRESS LEVEL NO. 1 NOMIN
TIME (HRS.) CREEP STRAIN
1.0 006666E'01+
4.0 0.1167E£-03
24.3 0.1722E-03
95.0 0.2653E-03
198.0 0.3097E-03
312.5 0.,3792E-03
360.5 0.3980E-03
456.0 0eb&417E-03
600.2 0.4657E-03
770.6 0.4903E-03
937 .5 0.5181E-03
1175.9 0.5500E-03

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

c(1)
G(2)
c(3)
Cu)
C{5)

LI I T B 1 |

STANDARD DEVIATION FOR TIME
STANDARD DEVIATION FOR ALL

-0.9615E 01
0.5929E 00
-0.1865E 00
0.,3752£-01
-0e2413E-02

+«GE . 1
TIME =

: 0.0201
: 36.0

ALSTRESS =
BEST FIT

0.6672E-04
0.1162E-03
0.1746E-03
0.2553E-03
0.3247E-03
0.3791€£~03
0.3975£-03
0.4288E-03
0.4657E-03
0.4982E-03
0.5218E~03
0.5455£-03

POWER EXPANSION

«0 HRS. =
0.7044E-05

H 2

10.00 KPSI

PERCENT ERROR

0.09
D.b1
1.39
3'?6
4,83
.02
0.27
2.932
0.20
1.63
0.73
0.82

0.7044E-05

=

00323




T8 G 2 ¢ G EC Iy E eSO O ESEE U

STRESS LEVEL NO. 2

TIME

i.0
4.0

2443

96.0
198.0
312.5
360.5
456.0
500.2
770.6
937 .5
1175.93

{HRS.}

CREEP STRAIN

3.1750E-03
0.2735E~-03
0.5236E-03
0.7597E-03
0.9431E-03
0.1147E-02
0.1133E-02
0.1188E-02
0.1357E-82
0.1392E-02
0.14394E-02
0.1535E-02

NOMINALSTRESS =

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

STANDARD DEVIATION

STANDARD DEVIATION FOR ALL TIME

© 9% DOV OCIEH GO ST OO0 CQ

NOTEBOOK NUMBER

DATA SE

52731

T

MATERIALIETP COPPER WIRE
MATERIAL:F SILVER AT 2040 DEG F

CREEP TEST
TEMPERATURE
SPECIMEN DIAMETER
NOMINAL GAUGE LENGTH
OF SPECIMENS AT EACH STRESS LEVEL

MAX .

NO.

BEST FIT

0.1743E~03
0.2778E-03
0.5057E-03
0.7839E-03
0.9747E~03
0.1111£-02
041155E-02
0.,1231E-02
0.,1323E~-02
0.1408E-02
0.1476E-02
0.1556E-02

POWER EXPANSION

C({L) = -0.88654E 01
c(2) = 0.,3358E 00
C(3) = -0.8155E-03
C(4) = 0,2710E-03
C(5) = =-0.9920E-04
FOR TIME .GE. 1.

= 0

g HRS. =
«2710E-04

NUMZBER

PAGE

13

2

2070 KPSI

PERCENT ERROR

037
1.5¢2
Jols2
3.18
3435
3.20
3,16
3.067
2.52
1.16
1.21
1.37

0.2710E-04

WITH 60 0Z PER TON O

(IN DEGREES F)}:200.0

(IN INCHES) @
{INCHES):

0.0201
36.10

H



PEFFFXRFFEFREFRRR XY

STRESS LEVEL NO. i

TIME (HRS.)

i.0
40
2443
3640
1398.0
31245
360.5
456,40
600.2
770.6
337.5
1175.9

CREEP STRAIN

De4722E-04
0.0944E-04
0.9861E-04
0.1597E-03
0.2313E-03
De2375E-03

0.2833E-03
" 0.2986E-03

0.3528E-03
0.3569E£-03
0.3778E-03
0.3792E~-03

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

STANDARD DEVIATION FOR TIME

c(1)
c(2)
C(3)
C(4)
C (%)

POWER EXPANSION

L1301 I T [

-0.9950E 01
0.4430E 00
-0.1767E ©Q
0.4515£-01
~3.3265E~-02

«GEs i.

STANDARD DEVIATION FOR ALL TIME =

© ® O 890 D 5O DO VOO e OE O

STRESS LEVEL NO.

TIME (HRS.)

L]
.
.

O F
O WO o

2
9 L ]
198.0
312.5
360.5
456.0
600.2
77046
937.5
1175.9

CONSTANTS FOR CURVE FITTING!?

NOMINALSTRESS =

BEST FIT

Oo&724E-04
0.6928E~04
0.9932E-04
0.1597E~03
0.2173£-03
0.2634E~-03
0.2789E-03
0.3047E~03
0.3340E-03
0.3579E~03
0.3732E-03
0.3855E~03

0 HRS. =

G.10063E-04

2 NOMINALSTRESS =

CREEP STRAIN BEST FIT
0.1472E-03 0.1471E-03
0.2318£-03 0.2328E-03
0.3903E-03 0.3874E-03
0.5500e-03 0.5518E-03
0.6542E-03 0.6596E-03
0.7375£-03 0.7359E-03
0.7625E-03 0.7612E-03
0.8000e-03 0.8040E-03
0.8708E~03 0.8563E-03
0.8903E-83 0.3050E-03
0,96339E-03 0.9455E£~03
3.9819e-03 0.3927E-03

10.00 KPSI
PERCENT ERROR

0305
8s23
0.72
0.04
6,32
10.90
1.57
2.05
.31
0.27
1,21
1.66

0.1063E-04

21.40 KPSI
PERCENT ERROR

G.09
0.37
G.74
D.33
0.8“
0.21
0.17
.50
1‘67
1.73
1.91
1.10

.

0%

.

)

v



DATA FIT TO LOGARITHMIC POWER EXPANSION

-0.8825E 01 (g%f

(1) =
c(2y = 0.3635E OO0
C(3) = =0.2765E-01
C(s) = 0.33568E~02
C(5} = -0.1878E~03
STANDARD DEVIATION FOR TIME <GE. 1.0 HRS. = 0.8964E-05
STANOARD DEVIATION FOR ALL TIME = 0.8364E~05
DATA SET NUMBER 3
NOTEBOOK NUMBER 52731 PAGE 17

MATERIAL:OFHC COPPER WIRZ AT 200 DEG F

MATERIAL:

CREEP TEST

TEMPERATURE (IN DEGREES F):200.0

SPECIMEN DIAMETER (IN INCHES): 0.0201

NOMINAL GAUGE LENGTH (INCHES): 36.0

MAX. NO. OF SPECIMENS AT EACH STRESS LEVEL 3 2

FEREF R LR F AT LR ERFREER

STRESS LEVEL NO. 1 NOMINALSTRESS = 10.00 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR

1.3 0.8888E-04 0.8889E-04 0.01
23.0 0.2347E-03 0.2340E-03 0.29
94,0 0.3264E-03 0.3313E-83 1.49
201,96 0.4111E-03 0.4049E-03 1.51
311.8 0.4539E~03 0.4573E-03 1.42
359, 8 0.4667E-03 0.4765E-03 2411
455.0 0.5278E~-03 0.5105E~03 3.27
501.0 0.5305E-03 0.5553E-03 4.66
765.9 0.6042E-03 0.5987E-U3 0.91
954,43 DodbbbtE~D3 0.6421E-G3 D37
1174.6 0.56889E-03 0.6868E-03 0.30

CONSTANTS FOR CURVE FITTING?



DATA FIT TO LOGARITHMIC POWER EXPANSION

C(1}) = -0.9328E &1

c(2} = 0.4318€ 00

C(3) = -0.6137E-01

Ciuw) = 0.8029E-02

C(5) = =-0.3113E-03
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. =
STANDARD DEVIATION FOR ALL TIME = 0.1024E~0G

5 6 & 0@ ¢ ¢ 98 ¢ 8 &9 0690 0

DATA SET NUMBER

NOTEBOOK NUMBER 52731 PAGE 17
MATERIAL:OFHC COPPER WIRE AT 200 DEG F
MATERIAL:
CREEP TEST
TEMPERATURE
SPECIMEN DIAMETER
NOMINAL GAUGE LENGTH

(IN DEGREES F1:200.0
(IN INCHES): 0.0201
(INCHESY ¢ 36,0

MAX. NO. OF SPECIMENS AT EACH STRESS LEVEL

FERFLERLENRRERRGERRERY

STRESS LEVEL NO. 1

TIME

&
* @
oo

2‘*.0
96,0
198.0
312.5
360.5
456.0
600.2
770.6
937 .5

1175.9

(HRS.)

CREEP STRAIN

0.,3097e~03
0.4611£-03
0.7653E-03
0.1182E£-02
0.1490E-02
0.1747E-02
0.1858E-02
0.1904E-02
0.2208&-02
f.2631E-02
0.2628€-02
0.2883E-02

NOMINALSTRESS =

BEST FIT

0.3098E-03
0.4598E-03
0.7700E~-03
0.1176E-02
0.1491E~02
0.1744E-02
0.1835€-02
0.1997£-02
0.2211E-02
0.2432E-02
0.2626£-02
0.2875£-02

4

0.1024E~-04

b 2

20.60 KPSI
PERCENT ERROR

0.07
.29
0.62
0.51
0.02
0el7
1.27
1.70
.13
0.07
0.07
D.28



CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC POWER EXPANSION

C(1) = -0.8073E 01
cez2y = 0.2864E 0D
C(3) = =0.2241E-02
Cl4) = 0.5400€E~03
C(5) = 0.4958E~04
STANOARD DEVIATION FOR TIME .GE. 1.0 HRS. = 0.1229E-04

STANDARD DEVIATION FOR ALL TIME = 0.1229E-04

@ € o 0T OGS CGEU OO SO0 N
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CREEP OF ETP COPPER WIRE wiTH 25 02 PER TON OF SILVER
GRAPH SHCWS CREEP STRAIN VS Tise DBATA ST =1 TeMPERATURE = 200,006 F
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§ 1
2[4 i.0

(REEP OF OFHC CCPPER WIRE WITH 25 ¢Z PER TOM OF SILVER
GRAPH SHOWS CREEP STRAIN VS TIME DATA SET

NONE

0.01

(REEP STRATIHM

NONE

1I#E +HOURS

pFHC COPPER WIRE WITH 25 0Z PER TCn OF SILVER

2731 17 200.0 0G.0201 36.0 2 2 12

10,0 22,

Je0
1.0
23.0
94 . 0
2014hA
z211.0
31599 .3
45%.0
501.0
765.9
954,32
1174/

21{» 1.0

(REEP ©2F OFHC COPPER WIRE WITH 40 0Z PER TOr OF SILVER

GRAPH SrOWS VS TIME DATA SET

HCHE

1

36,0455
36.04685
36,0491
2e.0510
36,0534
26,0553
36,0580
26,0567
26,057y
F6.01587
36,059y
36,0594

0601

(REEP STRATH

HONE

1IME «HOURS

OFHC COPPER wIRE WITH 40 0Z PER. TOp
52731 18

10,0 18,
0.0
1'0

23.0
94-0
201.0
311.a
253,80
45940
s01an
765,9
954, 3
1174 . ¢
24 1.0

LREEP OF ETP COPPER
ERAPH 3110wS rREFP STRAIMN

Hore

36.N156
36,0172
26,0191
3e.0217
36,0234
36,0241
36,0248
36.0259
36,0264
3u.0280
36.5283
36,0290

CREEP STRAILIM

36.0511
26,0548
36.CE53
36.0725
26.0770
26.0820
36.0837
36,0865
26,0882
36,0912
36.0G933
36.0%69

36,0747
36,0792
36,0870
36.0942
36,1004
36,1033
36.1036
36,1067
36,1097
36,1114
36,1141
36,1161

200.,0 0,072,011 36.0 2 2 12

7
36,n36%
36,0362
25,0381
36,.9u03
36,0417
36.0uas
36,n43%
I, nNu37
36,00l
26,0454
36, 04b4A
36,0440
001

IREEP STRAIM

HOME

TIvE v HOURS
tTP CCPPER 4 IRF

2731 1
10,0 17.
g.n
1.0
4.0

24.0

5

e ,0307
36,0397
36.1:388
Ib,.n4b6

36,0197
36,0265
36,0293
36,0293
36,0293
36.0293
36,0320
36,0220
36,0326
36,0327
36,0332
36,0335

AIRF

36.0525
36,0952
36,0595
36,0629
36,0656
36.068¢6
36,0689
36,6704
36,0704
36.0724
56,0734

CCLO WORKED 10 PERCENT

VS TIME DATA SET

36,0022
36,0648
3&,0680
36,0725
36,0749
36,0766
36,0777
36,0781
36.0784
26,0806
36,0808
36,0820

COLL WORKED 10 PERCENT

36,0810
36,0887
36.089¢2
36,0957

36.0700
36,0811
36,0874
36,1027

36,0727
36.0829
36,0889
36.1L40

1 TFMPERATURE

= 200 DEG F <§9

2 TEMPERATURE

OF SILVER

3 TEMPERATURE

>

)
'fﬂ;% N T
R
vg/}9/7/

= 200 DEG F

= 200 DEG F



96. 0
198.0
212.5
360.5
49640
60C.2
770.¢6
5§37 .5

2 3 110

(REEP OF OFHC (CCPPER WIRE WITH 60 02 PER TON OF SILVER
gRAPH SHOWS CRFCP STRAIM VS TIME DATA SET =4 TEMPERATURE

NorE

36,0533
36,0598
36,0657
36,0680
36,1700
36,074y
36,0783
36,0020
36,0867
0.01

CREEP STRATH

NONE

TIME « HOURS
OFHC COPPER IR
52731 19 20G.0

1000 24,

0.0
1.0
4,0
24410
96.8
198,90
312.0
3609
4560
60042
770.6
9375
1175.9

2

36, N4
6. 0443
TH,0442
16,0499
36,0462
A6, 0462
36,048y
36,048y
36,048y
36,0484
36.0497
26,0500
36.090¢0

36.1029
36.1080
36,1162
36.1181
36,1213
36.1233
36,1281
36,1319
3€.1360

3ga.1221
36,1402
36.1552
36,1613
36,1707
26,1830
25.1986
36,2124
36.2308

£ WITH &0 0Z PER
0.0201 36,0 2 2 13

36,0339
36,0348
36,0348
35.C360
36.0366
36.0369
36,0393
36.0394
36,0389
36,0399
36,0404
36,0410
36,0410

36.1194
2h.1259
ip.126u
26.1307
36.1354
26,1389
36,1406
36,1421
36,1441
36,1445
36.1454
36,1462
36.1471

36.1292
36.1420
36,1570
36,1638
36,1734
36,1871
36,2010
36,2142
36,2329

TOn OF SILVER

36,0577
36,0604
36,0004
25,0638
36,0666
36,0718
36,0716
36,0722
36,0740
36,0750
36,0769
36,0778
36,0794

AN
L

Y

200 DEG F



SNUMB = 00990y ACTIVITY # = (1, REPORY CODE =
0DATA SET NUMBER
NOTEBOOK NUMBER 52731 PAGE 17

06,

1

RECORD COUNT

= 00393

N

Y

MATERIAL:OFHC COPPER WIRE WITH 25 0Z PER TON
MATERIALiOF SILVER

CREEP TEST

TEMPERATURE (IN DEGREES F)2200.0

SPECIMEN DIAMETER

NOMINAL GAUGE LENGTH

MAX. NO.

FEPLIFFREINRFANREREN

{IN INCHES)
(INCHES)

: 0.0201
2 3o5.0

STRESS LEVEL NO. i NOMINALSTRESS =

TIME (HRS.) CREEP STRAIN BEST FITY
1.0 J.4028E-04 0.4028E~-04
94.0 0.1611€£-03 0.1622E-03
201.6 0.2236E-03 0.2172E-03
311.8 0.2542E-03 0.2559E-03
359.8 0.2537£-03 0.2697E-03
455,0 0.2986E-03 0.,2929E-03
601.0 0.3153E-03 0.3213E-03
765.9 3.3556E-03 0.3459E-033
954.3 D.36394E-03 0.3674E-03
1174 .6 0.3819E-03 . 0.3864E-03

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

C(1)
ct2)
C(3)
C(4)
C(5)

STANDARD DEVIATION FOR TIME
STANDARD DEVIATION FOR ALL

@ 88 00 0 9900 90O st B

-0.1012E 02

0.3315¢& 0¢@
-0.5311E-01
-0.1267E-02

+GE . 1
TIME =

POWER EXPANSION

«0 HRS. =
0.5470E-05

OF SPECIMENS AT EACH STRESS LEVEL

: 2

10.00 KPSI

PERCENT ERROR

g.00
6.00
0.65
2486
8.70
3.83
1.90
1.3910
2.72
0'5‘*’
1'16

0.5470E-05



STRESS LEVEL NO. 2 NOMINALSTRESS = 22.10 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERGENT ERROR
1.0 0.11396-03 0.1139E-03 .00
23.0 0.3681E-03 0.3681E-03 0.00
94, 0 0.5681E -03 0.5673E-03 Geil
201.6 0.7167E-03 0.7198E-03 olyty
311.8 0.8264E -03 0.8239E~03 8.31
359.8 0.8542E-03 0.8607E-03 0.76
455.0 0.9361E-03 0.9237E-03 1.33
6501 .0 0.1001E-02 0.1002E-02 0.07
765.9 0.1068E -02 0.1073E~02 046
954 .3 0.1133E-02 0.11396~02 0o 46
1174 .6 0.1206E~02 0.1201E-02 0ol
CONSTANTS FOR CURVE FITTING:
DATA FIT TO LOGARITHMIC POWER EXPANSION

C(1) = =-0.9080E 01

C(2) = 0.5293E 00

C(3) = -0.8549E-01

C(4) = 0.1412E-01

C(5) = =-0.84518E-03
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. = 8.5136E-05

STANDARD DEVIATION FOR ALL TIME = 0.5136E~-05

@ 00 0% 09O O 0V O COC OO OOG

CNLY STARE OUTPUT CALLED FOR

BDATA SET NUMBEHR 2

NOTEBOOK NUMBER 52731 PAGE 18

MATERIAL:OFHC COPPER WIRE WITH 40 0Z PER TON
MATERIAL:OF SILVER

CREEP TEST

TEMPERATURE (IN DEGREES F):200.90

SPECIMEN OIAMETER (IN INCHES): 0.0201

NOMINAL GAUGE LENGTH (INCHES): 36.0

MAX. NO. OF SPECIMENS AT EACH STRESS LEVEL : 2



BARFEFRF L FREFREBRERY

STRESS LEVEL NO. 1

TIME (HRS.)

i.8
23.0
9400

201.0
311.8
359.8
455.0
601.0
765.9
954.3
1174.6

CREEP STRAIN

0.3861E-04
0.1556E=03
0.1861E-03
0.2056E-03
0.2208E-03
0.2653E-03
0.2708E~03
D.2833E-03
0.3042E-03
0.3000E~-03
0.3069E-03

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

STANDARD DEVIATION FOR TIME .GE.

CL)
c{2)
G(3)
Cl4)
C(5)

NOMINALSTRESS =

BEST FIT

0.9858E-04
0.1568E-03
B.1787€-03
8.2132E-03
0.2401E-03
0.2495E-0G3
0.2652E-03
0.2829E-03
0.2961£-03
0.3049E~03
0.3093£~-03

POWER EXPANSION

W u g

-0.9225E 01
0.7421E 00
-0.3781E 00O
0.7473E-01
~0.40648E-~02

STANDARD DEVIATION FOR ALL TIME

0 9% 8 0 09 00 OO v e GO CTCO

STRESS LEVEL NO. 2

TIME (HRS.)

1.0
23 .10
94 . 0

201.0
311.8
359.8
455.0
60i.0
765.9
954.3
1174.6

CONSTANTS FOR CURVE FITTING:

CREEP STRAIN

0.7361E-04

‘B.1778E-03

0.2875E£-03
0.3583E-03
0.4236E-03
0.4431E-03
0.4695E-03
0.4736E-03
0.5319E-03
0.5486E-03
0.5750E-03

1.0 HRS. =

0.8842E~-05

NOMINALSTRESS =

BEST FIT

0.7361E-04
0.1777£-03
0.2870E-03
0.3663E-03
0.4172E-03
0.4#343E-03
0.4626E-03
0.4861E-03
0.5247E-03
0.5439E-03
0.5724E~03

DATA FIT TO LOGARITHMIC POWER EXPANSION

C(1) = -0.9517E 01

10.00 KPSI

PERCENT ERRQR

0.03
.79
3.98
3.7.1-
8.71
5. 94
2.09
.16
2.66
1.64
0.76

0.8842E-05

18.70 KPSI

PERCENT ERROR

0.00
g0.06
0,17
2.23
1.52
1.98
147
LeTh
1.386
0.23
O0.45



c(2) = 0.1840E 00 CZ%)
C(3) = 0.4250E£-01 ; .
C(4) = =-0.3525E-02 v
C(5) = =0.,5127E-04 /
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. = 0.8497E-05
STANDARD DEVIATION FOR ALL TIME = 0.8497E-05
DATA SET NUMNBEHR 3
NOTEBOOK NUMBER 52731 PAGE 18

MATERIALIETP COPPER WIRE COLD WORKED 10 PERCE
MATERIAL:NT

CREEP TEST

TEMPERATURE (IN DEGREES F)3200.0

SPECIMEN DIAMETER (IN INCHES): 0.0201

NOMINAL GAUGE LENGTH (INCHES): 306.0

MAX. NO. OF SPECIMENS AT EACH STRESS LEVEL = 2

FERKE LR RN R LA RER RN

STRESS LEVEL NO. 1 NOMINALSTRESS = 10.00 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR

1.0 0.1486E-03 0.1483E-03 0.18
4.0 0.2222E~03 0.2238E-03 0.72

24 .0 0.3972E-03 0.3913E-03 1.49
96.0 0.6250£-03 0.6267E-03 0.27
198.0 0.7750E-03 0.8107E-03 4.60
312.5 0.9750E-03 0.9556E-03 1.99
360.5 0.1033E-02 0.1006E-02 2.62
456.0 0.1106E-02 0.1095E-02 0.92
600.2 0.1194£-02 0.1209E-02 1.24
770.6 0.1315E-02 0.1322E-02 0.55
937 .5 0.1419E-02 0.1418E~-02 0.11
1175.9 D.1533E-02 0.,1535E~02 0«13

CONSTANTS FOR

DATA FIT TO LOGARITHMIC POWER EXPANSION

CURVE FITTING:



STANDARD DEVIATION FOR VIME .GE.
STANDARD OEVIATION FOR ALL TIME

S DO OO C OO PO S S OT OO

STRESS LEVEL NO. 2

TIME (HRS.)

1.0
4.0
24.0
96.0
198.0
312.5
360.5
456.0
600.2
770.6
937 .5
1175.9

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC

STANDARD DEVIATION FOR TIME

C(1)
ce2)
C(3)
Cly)
C(5)

C(1) = -0.8816E 01
C(2) = 0.2986E 00
C(3) = =-0.5083E-02
C(k) = 0.2978E-02
C(5) = -0.2292E-03
1.0 HRS. =
= 0.1530E-04
NOMINALSTRESS =
CREEP STRAIN BEST FIT
0.2958E-03 0.2958E-03
0.4667E-03 0.4659E-03
0.88689E-03 3.8938E-03
0.1508E~02 0.1488E-02
0.1938E-~02 0.1964E-02
0.2354E-02 0.2366E-02
0.2533E-02 0.2514E-02
0.2797E-02 0.2787E-02
0.3158E~-02 0.3162E-02
0.3568E-02 0.3570E~02
0.3943E~-02 0.3946E-02
0.4458E-02 0.4456E-02

POWER EXPANSION

LI T I T |

-0.8125E 01
6.2869E 00
0.4011E~01

-0.8922E-02

0.7332E-03

.GE. 1

STANDARD DBEVIATION FOR ALL TIME =

06 50 0800 0B HCO OB OB O

ODATA

SET.

«0 HRS. =
0.,1229E-04

NUMBER

A

0.1530E-04%

17.50 KPSI

PERCENT ERROR

0. D“
0.17
0.55
1.36
1.39
.50
0.76
0“36
0.13
D.06
0.07
0.05

0.1229E-04

50
®



NOTEBOOK NUMBER 5

2731

PAGE

is

MATERIAL:OFHC COPPER WIRE WITH 60 0Z PER TON

MATERIAL:OF SILVER

CREEP TEST
TEMPERATURE

NOMINAL GAUGE LENG
MAX. NO.

PUPRFRRRRC PR FFEREES

TH (INCHES)

(IN DEGREES F):200.0
SPECIMEN DIAMETER (IN INCHES):

g.02¢1
:1 36.0

OF SPECIMENS AT EACH STRESS LEVEL

STRESS LEVEL NO. 1 NOMINALSTRESS =

TIME (HRS.) CREEP STRAIN BEST FIT
1.0 0.1529E-04 0.1493E-04
4.0 0.1528E-04 0.1679E-04
24,0 0.4861E-04 0.3982E-04
96 .0 0.6667E-04 0.7435E-04
138.10 0.7084E-04 0.9666E-04
312.0 0.1347E-03 6.1129E-03
360.5 0.1361E-C3 0.1188E-03
456.0 0.1292E-03 0.1292E-03
600.2 Je1431E~03 0.1437E-03
770.6 0.1681E-03 0.1600E-D3
937.5 0.1806E-03 0.1756E-03
1175.9 0.1806E-03 0.1982E-03

CONSTANTS FOR CURYV

OATA FIT TO LOGARITHMIC

c(1) =
c(2) =
C(3) =
C(s) =
C(5) =
STANDARD DEVIATION FOR TIME
STANDARD DEVIATION FOR ALL
STRESS LEVEL NO.
TIME (HRS.) CREEP ST
1.0 0.1278
4.0 01347
24.0 02417
96.0 0.3458

E FITTING:

-0.1111EF 02
-0.293%9€& 040
0.3620& 0O
-0.6650£-01
0.4049E-02

°GE. 1
TIME =

POWER EXPANSION

«0 HRS. =
0.1280E~-04

2 NOMINALSTRESS =

RAIN

E-03
E-03
E-D3
£-03

BEST FIT

0.1273E-03
0.1368E-03
0.2330E~-03
0.3646E-03

: v

10.00 KPSI
PERCENT ERROR

2. 34
9.86
18.08
11.52
36.46
16.18
12.75
0.06
0.48
4.8C0
2.72
9.78

0.1286E-04

24.20 KPSI
“PERCENT ERROR

0.36
1.51
3.59
5.42

¥

N\

&



198.0
312.0
360.5
456.90
600.2
77046
837.5
1175.9

0.4625E-03
0.4875E-03
0.5167E-03
0.5694E-03
§.5889E-03
0.6278E-03
0.6514E-03
0.6861E-03

B.4468E-03
0.5020E-03
0.5202E-03
0.5505€-03
0.5878E-03
0.6239E-03
0.6541E-03
6.,6920E-03

CONSTANTS FOR CURVE FITTING:

DATA FIT TO LOGARITHMIC POWER EXPANSION

STANDARD DEVIATION
STANDARD DEVIATION FOR ALL TIME =

C{(1) = +«0.8969E 01

C(2) = =-0.1528E 00

C(3) = 0.1848E GO

C(4) = _-0.2900E-01

C(5) = 0.1515E-02

FOR TIME .GE. 1.0 HRS. =
80.1046E-04

® B0 09 0 9 PO OO O O H S GO &GN

3.39
2.97
0.68
3.32
g.19
.62
fet2
0‘86

0.1046E-04

GREINY
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GCRAPH SHOWS CREE® 3TRAIM US TIME GATA SET = t TEMPEPATUPE = 200 DEG F
1.300 ‘
|
1.200 - : a
t //_/'-’ﬂ/ i
10100 ' =
i 5]
x { I e
| T
1
1.000 ! : -
LT i
0.500 —
.,»:’/ -
- i
o7 a
0.800 —t
//
/’/
k4]
: 0.700 T
e
0.600 ! } ! |
]
2 ]
/ ; .
| i
s 0.500 ,_ !
‘ !
- / | !
0.400 | ’ ; : i P—
i i i 5 IR ey 5]
¢ I ’ } ; il __,_,—'—f—"’—‘-p—
i : i T
/ | b
3.390 f‘ : P ‘
i . .,—4;""'“]— :
! el
| 4 | !
0.200 § - ; |
5] i
’ |
i // ! I
0.100 =% i : i |
/ v 1 ! ! !
i i i ‘ !
i ' i
.00 d
0089 . 200. 420 N a00, 1000. 136
TIME JHALPS



=

g COSSC

"KNB?Q s HAEL

£ Mo 02

18

216

o]

)

CREEP

GRAPH 3SHOWMS CR

5,300

' i
N i i
: ;
§
5,500 -
I
: P} ,,Mi’"r
S.200 t e
: T
H T H
:
‘
4.200 s
I /'| o
=7 !
T |
P
4.400 . 2.z : 4
0o~ , : !
/' § ]
o : i !
4.600 — L i ‘ I
H i
- i i
3.800 . :
S : ;
/ ! !
I' B
// i |
- /
3.200 > ‘ :
4 ! { —_—
z i i 0 |
4 3 i B IR
@ ? I
2.800 : S
° 7 _ e ! ;
/ a el ! :
7 T T
/ T - !
2.400 £ T f
o / T ! !
S - & § I
/‘ ’//j:r i E i
T i
2.000 / - //, : ] l
H e ; ‘
! -~ ! |
. i
1.600 e ] )
J! ; !
! ]
! ; ;
1.200 K .
]
l . |
; f
0.500 - .
! |
0.400 : f :
: :
I !
;
i

0.000
g

.
ro
fuj
51
.
“
o
.

200. : 20, 1000,

TIME  RIURS



03,28

B.218

t
3

H27 -« HAL
O O

1%

~
13

g3 COSS0
B
3

[
28]
]

F
/

O P st
1000,

]
|

el
oy

U

&
\
N
/f
N
5
3 .
PRGSDUES SYNSUENVN FISIEPUNS ORI MRS (RSN NI, SO O AU AUORP SO IS (P B—, A — SRR - e 2
o
, o
O
Y d
\
i
E i
\
'
1
|
SO I . PR RO RNV DN SR S e Ve e e e} me e R - LS I . -
\
|
5" o
LAY / s
. e \ o "
. \ i
. NI J r
", s
\ & ”
) [
. _
s i
N !

00 .

L
-
[

0o
]
C.

w

o]
4.400
4.0090
3.200
2.800
2.400
2.000
1.500
1.200

9.800
00
0.000



1000,

200

L)
v
¢
u.
[8) ]
1]
[}
i) N
[2 T )
[EF Y]
\
\
\
Y
\
o
i
Y
1
4
\
TR e pep— vl!l.ll.’lYA”AA b b e e o § o e - b
4
Y
) 5
L (@ \
- - 3
- U P PR e - N S AUV
= X
G4l !
[ R T
=
3
o o
a el TTT T B R VORI IO RNUROUIOUUI PUDATUNITPRIE DU,
il 54
g \
DT o 5\
_s‘_u @Q 1
€ b \
e ) //
1
(SN \
w 2,
W
Y ¢
(™) \
L el
il
w 2 /
w O .
() .um % Y P}
T N\
[ AN
@ N
(8]
f//
//
\
(LA DN
///
/).I
A .
o
/ /..
—m\”_. /f..«l o
~.
S~
w T
- -
I T
@ [~
3 [w] o ] 2 o L) e}
< (=] () Q o [ g o jan)
O. ] [m] ] o [ o
. . . . 4 .
™~ w0 s} T ) — o

ke ne
L

S Gt AL 0,




1

(REEP OF HIGH PURITY(39.999+)
/RAPH SHOWS CREEP STRAIN vS TIME DATA SET

HONE

0.01

(REEP STRAIN

{IONE

{IME +HOLIRS

PERCFMT COPPER

WIRE AT 73 F
1 TEMPERATURE

pIGH PURITY(99.999+) COPPER WIRE AT 73 F
731 7 73,0 0.0201 50.0 2 2 S
w.O 19,7

0.0 50.0642

llG
4.0
250
98.0
263.0
533.0
g43,.0
1007.0

50.0653
SC.0eS7
50.n5792
50.0693
50,0719
£0.0732
S0.,n74¢C

3

50,0870
50,0888
50,0905
5C,.0924
50.0944
50,0963
50.0967
50.0587

50,1326
50.1382
50,1402
50,1465
50,1516
50,1564
50,1601
50.1646

50,1318
50,1376
50.14%05
S0.1462
50,1501
50,1553
50,1612
5G.1644

s 167k

05590 CARDS READ

Jon g7
¥

g0

= 73F

Qﬂ&oﬁ%ﬁ;i §4/§747L

o v R . T W G W e W G e e R R e e  om -



SNUMB = (0880, ACTIyITY # = 01y REPORT CODE = 06, RECORD COUNT = 80092

'j;b‘gy
DAT A SET NUMBER 1
NOTEBOOK NUMBER 52731 PAGE 7

MATERIALSHIGH PURITY(393.999+) COPPER WIRE AT
MATERIAL:73 F ‘

CREEP TEST

TEMPERATURE (IN DEGREES F)t 73.0

SPECIMEN DIAMETER (IN INCHES): 0.0201

NOMINAL GAUGE LENGTH (INCHES): 50.0

MAX. NO. OF SPZCIMENS AT EACH STRESS L EVEL 3 2

IS TYISI SNSRI

STRESS LEVEL NGO 1 NOMINALSTRESS = 13.00 KPSI
TIME (HRS.) CREEP STRAIN BEST FIT PERCENT ERROR
1.0 0.2900E-04 0.2905E~04 017
25.0 0.,9100E-84 0.9150E~04 055
38.0 0.1250E-03 0.1276E~-03 2.07
263.0 0.1700E~-03 0.1598E-03 be.03
533.10 0.1870E-03 D0.1943E-03 3.88
83,0 0.2150E-03 0.2282E-03 bel5
1007.0 0.2600E-03 Je2454E-03 560
CONSTANTS FOR CURVE FITTING:
DATA FIT 7O LOGARITHMIC POWER EXPANSION
C(1) = -0.1045E @02
c(zy = 0.3733E 00
C(3y = 0.2819&£-01
Cly) = -0.1470E-01
C(3) = 0.13%0E-02
STANDARD DEVIATION FOR TIME .GE. 1.0 HRS. = 0.8303E-05
STANDARD DEVIATION FOR ALL TIME = 0.8303E-05
NOMINALSTRESS = 19.70 KPSI

STRESS LEVEL NOe 2



TIME (HRS.)

98.40
263.0
533.0
843.0

1007.0

DATA FIT TO LOGARITHMIC

STANDARD OEVIATION FOR TIME

CREEP STRAIN BEST FIT
0.1140E-03 0.1139E-03
0.16306~03 0.1638E-03
0.2830E-03 0.2791€-03
0.3730E-03 0.3818E-03
0.4790E~03 0.4713E~03
0.5690E-03 0.5658E-03
0.6450E-03 0.6589E-03
0.7140E-03 0.7062E-03

CONSTANTS FOR CURVE FITTING:
POWER EXPANSION

C(1) = =-0.9080E 01

C(2) = 0.1831E 00

C(3) = 0.78393E-01

C(4) = =0.2117E-01

C(5) = 0.1635E-02

«GE. 1.0 HRS. =
0.6983E-05

STANDARD DEVIATION FOR ALL TIME =

6 ¢ OB Y OO O OS eTESE NS E D

ONLY STARE OQUTPUT CALLED FOR

PERCENT ERROR

1 B
Jel9
138
235
1.61
0.56
2.00
1.10

0.6983E-05
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CREEP GF HIGH PULRITY(35.333+> PERCENT COPPER WIRE AT 73 F
GRAPH SHOWS CREEZP STRAIN US TIME DRTA SET = | TEMPEPRTURE = 73F
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2 4

STRESS nELAXATION OF ETP COPPER WIRE AT 200 DEG F

Rl ME HOURS Joo e
EMAINTII'G STRESS PFRCENT OF INITIAL @
TME HoiRS

STRESS RELaxATION OF ETP CGPPER WIPE AT 200 DEG F P (%0
*EXPERIHENTAL DATA CONTINUNUS CURVE =RBEST FIT DATA SET =1

52931 54 0D.0201 200.0 8 2 2

0.0 A4,k B84.,8 B2.5 AUY,6
1.0 79.2 75.6 £0.0 61.4
4,0 77.4 7&.4% 52.0 60,1
2581 71.3 0.4 5643 56,6
124.8 64,8 64,0 53.6 S2.3
28%9,1 AN.A BO.2 S(.8 43,4
4E1.S 57,2 56,9 48,5 47,6
T02.8 S5,7 55,2 b8.2 45.8
17-5 10,0 A5.,9 A48
STRESS rFLayaTICN O

F ETP COPPER WIRE WITH 25 0Z PER TON OF AG AT 200 F
Tlug HOURS .
PEMAINTHC STRESS PERCENT OF INITIAL
TIng HoukS
STRESS spLsavaTION NF ETP COPPER WIRE WwITH 25 02 PER TOM OF AG
ENATA CONTTHUOUS CURVE =REST FIT CATA SET = 2 TEMP =200F
52931 24 0.0201 20n.0 8 2 2
0.0 91.n 93.5 £1.2 53.9
1.0 88.5 0.1 60.3 62,0
4.0 £6.5 87,2 50.0 61,4
28.1 83,1 Eu,6 59,5 60,0
124,68 79.n 83,4 7.3 57.7
289,1 76.1 77.3 55.5 55.5
461.5 74.2 75,3 54.2 54,5
702.8 72.% T2.6 52.9 52,8
20,7 10.0 93.4% AUeS

Ran

3/4%/62,



SNUMB = (G0029, ACTIVITY # = 0i, REPORT CODE = 06; REGORD COUNT

ONLY STARE QUTPUT CALLED FOR

0ATA SET NUMBER 1

NOTEBOOK NUMBER 52731 PAGE 24

MATERIAL:STRESS RzLAXATION OF ETP COPPER WIRE

STRESS RELAXATION TEST
TEMPERATURE (DEGREEZS F):200.0
SPECIMEN DIAMETER (INCHES): 0.0201
~ NO. OF SPECIMEN AT ZACH STRESS LEVEL: 2
FREQUENCY SQUARED = 421.65¥STRESS

WHEN DATA IS PLOTTED LINZARLY, A CURVE IS FIT

ACCORDING TO THE EQN: Y=C1/ (X¥¥A2)+C2+C3*¥(X¥*A2)

WHEN DATA IS PLOTTZD LOGARITHMICALLY, A CURVE IS FIT

ACCORDING TO THE EJN: Y=C1+C2¥ALOG10 (X)

AP FRFFRALFERF R R LR N

00171

STRESS LEVEL NO. 1 NOMINAL STRESS = 17.50KPSI
TIME LOG OF TIMz RATIO STRESS REMAINING
HRS. (KPST)
0. essce 100.80 17.5¢
1.0 0. 87.2 15.27
4.0 .6 82.2 14.39
20.1 1eh 59.8 12.22
124.8 2.1 57«4 10.05
289.1 245 50.7 8.88
4bl.5 2e7 4543 7.92
702.8 248 L2.8 748

CONSTANTS FOR EQN. FITTING DATA PLOTTED LINEARLY:

A2= 0.067 Ci= =-50.23 2= 268.610 C3= ~120.48

OATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY?®
Ci= 39.63 2= =-23.1d

AT T=40 YEARS, RATIO IS N=ZGATIVE.



STRESS LEVEL NO.

TIME LOG OF TIME
HRS.
Uo ¢«s s e
1.0 0.
4,0 0.6
28.1 1.4
124.8 2.1
289.1 2.5
461.5 267
702.8 2.8
CONSTANTS FOR EQN., FITTIN
AZ'—' DQDLP Cj.: ‘27401
DATA FOR EQN. FITTING DAT
Ci= 110.30 gz= -19.5
AT T=40 YEARS, RATIO =
DATA

NOTEBOOK NUMBER

2

[t

8

A
2

S

52731

NUMBER 2

PAGE 24

MATERIAL:STRESS RELAXATION OF ETP COPPER WIRE L Zs 07 an

— T

STRESS RELAXATION TEST
(BEGREZS F):200.8
(INCHES ) ¢

TEMPERATURE
SPECTIMEN DIAMETER
NO. OF SPECIMEN AT
FREQUENCY SQUARED =

WHEN DATA IS
ACCORDING TO

WHEN DATA IS
ACCOROING TO

ERRALRFENSFFNFRERERN

STRESS LEVEL NO.

0.0201

ZACH STRESS LEVEL: 2

PLOTTED LINZARLY,
THE E£Qu:3

PLOTTZO LOGARITHMICALLY,
THE EQN:

1

421.43*¥STRESS

A CURVE IS FIT
Y=C1/ (X*¥*¥A2)+C2+C3*¥ (X*¥*A2)

Yy=C1+C2*¥ALOG10 (X)

NOMINAL STRESS =

A CURVE IS FIT

20.70KPSI

NOMINAL STRESS = 10.00KPSI
RATIQC STRESS REMAINING
(KPS}
i00.0 10.80
91.2 9,172
87.8 8.78
78.9 7.89
694 b« 34
62.1 b.21
58.4 5,84
S4s7 547
DATA PLOTTED LINEARLY:
2= 679.61 3= =-314.15
PLOTTED LOGARITHMICALLY:
2.1 AND STRESS REMAINING = 0.21



TIME LOG OF TIME RATIO STRESS REMAINING

HRS . (KPST)
0. ceoee 100.0 20.70
1.0 0. 92.9 19,23
4.0 0.6 88.9 18.40
28.1 1ok 81.8 16.93 (%§{>
124.8 2.1 74.0 15,32 :
289.1 2.5 68.5 14.19
461.5 2.7 65.1 13.47
702.8 2.8 62.0 12.83

CONSTANTS FOR EQN. FITTING DATA PLOTTED LINEARLY:

A2= C.04% 1= ~-266.91 Ce= 673.87 C3= =-314.31
DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY:
Ci= 107.61 2= -15.97
AT T7=40 YEARS, RATIO = 19.0 AND STRESS REMAINING = 3.9%
STRESS LEVEL NO. 2  NOMINAL STRESS = 10.00KPSI
TIME LOG OF TIME RATIO STRESS REMAINING
HRS : (KPST)
g. teoss 100.0 10.00
1.0 0. 85.5 9.55
4.0 0.6 9L .1 9. 41
28.1 1.4 81.2 9.12
124, 8 2ol 84.5 8.45
289.1 245 7847 7487
461.5 267 75.5 7.55
702.8 2.8 714 7014

CONSTANTS FOR EQN. FITTING OATA PLOTTED LINEARLY:
A2= 0.01 C1=-3734.43 G2= 7472.57 C3=-3643.26

DATA FOR EQN., FITTING DATA PLOTTED LOGARITHMICALLY?
Ci= 123.63 2= -17.14

AT T=40 YEARS, RATIO = 25.5 AND STRESS REMAINING = 2.56



I €023 17.344 03-28
1274 HRL

Mg 01 EI

STRESS RELARXATION OF ETP COPPER WIRE AT 200 DEG F
*=EXPERIMENTAL DATA CONTINUOUS CURUE =BEST F1T OATR SET =i

100.0

80.0

ol

/

70.0 \\\ ‘q\\\\\\\\\

60.0 \ - \\\

S0.0

40.0

30.0

20.0

10.0.

G.%-O 100.0 200.0 300.0 400.0 500.0 600.0 700.0 §00.0
TIME HOURS



5 CO023 17,344 03,28
p127 4+ HAL
gE N8B 02

STRESS RELRXATION OF ETP COPPER WIRE AT 200 BEG F
¢=EXPERIMENTAL DRTA CONTINUQUS CURVE =BEST FIT DATA SET =1

100.0

80.0

80.0

76.0 ——y

60.0

50.0

40.0

30.0

20.0




3 €0023 17.344 03-28
9“274 +HAL

e NG O3

STRESS RELAXATION OF ETP COPPER HWIRE HITH 25 0Z PER TON OF ARG
+=DRATA CONTINUOUS CURUE =BEST FIT DATR SET = 2 TEMP =200F

100.0

80.0 \ \}\\\
—

20.0
———

60.0

50.0

40.0

30.0

20.0

0.
%-0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0



B CO029 17.344 03-28
M”74, HAL
E N& 04

STRESS RELAXATION OF ETP COPPER WIRE HITH 25 02 PER TON OF AG
*=DATA CONTINUOUS CURUE =BEST FIT DRTR SET = 2 TEMP =200F

100.0

S0.0

80.0 - —

80.0

50.0

40‘0

30.0

20.0

1040

- 0.0, 1.5. 2 3 4 5 & 7 8
in 2 TIME HOURS



4y 1
gFHC Cij o7
TIME HCORS

2n0 F

fYoB:GE)

REMAINYII G STRESS PERCENT OF INITIAL
TIME HOUES @
gFHC CnpEFLER
=TEST 5ATA DATA SET =1
52731 2uv 0,201 20,0 8 2 2
U060 S0.0 92.2 A3.4 50,6
lell 85,1 89,3 6048 56,2
4.5 82,7 87,3 FU.6 5F,3
28.1 79.0 83,1 50.5 56.3
124.8 74,1 77,5 /%,0 50.7
289.,1 70,2 Te,1 4.0 49,86
46le5 8,9 72,1 52.3 45,5
702.6 A6,4 69,6 45,4 us 5
0.6 10,0 13,2 54,7
oFHC Cit wITy 25 G2 AG PER TGN
TIvE HouPFs -
REMAINTIG STHRESS PERCENT OF IMITIAL
TIME HOLES
OFHC Cur v 17w 2% 02 AG PER TON
s=EXPERTHE 1AL DATA CONTIMUOUS CURVE =BEST FIT DATA SET =2 TEMP =200F
52731 Zu 0,201 200,01 8 2 2
0o 95,9 S3.3 &1.7 2.0
e 90,2 85,3 40,9 61,32
4,0 82,3 E7.6 60.9 1.3
28,1 85,0 83,5 39.4 60,3
12446 0.0 79,0 57.1 S&,.u4
289¢1 78,4 TN.4 57,0 58,3
461.% 76,4 75,5 35,7 57.1
702.2 73.7% 72,4 54,8 55,3
2.1 1n_,0 9.5 64,9
OFHC Cu wITw 4y 0Z AG PCR TON
TIVE HoURS
REMAINII G STRESS PERCENT OF INITIAL
TI~E HOERS
OFHC Cuf WITH 40U CGZ AG PER TON
CEXPERTUFESTAL CATA CONTIMUGUS CURVE =BEST FIT DATA SET =3 TEMP =200F
52731 4 D.r2071 209,90 B 2 2
.00 #9,1 86,7 63,8 £5.3
le0 A7.,4 87.5 £3¢2 £5,9
L. Pe.4 86,7 £2,5 /4,8
28.1 85,1 84,7 A2.3 64,8
128.2 21,7 2.1 Fi.8 53,4
289.1 Al,u 81,8 Aan,8 3,0
t6l.s 79,5 80,2 4A0.5 A3,0
702.8 78,2 T=,7 SQ.4 51.8
IB,7 10,0 2§ ,8 nb,S
OFHC CuU wITh AL 02 PER TOMN AG
FINE o HioidfiRs
REMAIMNTIT G STRESS, PERCERT OF INITIAL
TT*E HOGRS
OFHC Cit wITH &0 02 PER TON CF AG

iTCXPER TYE - TAL

82731 sa G,0201 200,00 & 202
0.0 99,7 9%.9 53.5 £3.95
1.0 9S00 9%,1 £2.4 fo,4
4.0 98,1 98,1 £2.,4 /2,46

CATA COLTIMUGUS CURVE =0REST FIT NATA

SET =4 TEMP =200F



28.1 S$6.9 96
124.8 G4, 93
289.8 93,8 93
46l.5 *°3,.n %92
702.8 91,9 91

4.2 15,0 10649
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SNUMB = (C0101s ACTIVITY # = 01, REPORT CODE = 06y RECORD COUNT = 00341

ONLY STARE OUTPUT CALLED FOR
DATA SET NUMBER 1

NOTEBOOK NUMBER 52731 PAGE 24
MATERIAL:OFHC CU AT 232 F

STRESS RELAXATION TEST

TEMPERATURE (DEGREES F) :2G0.3J

SPECIMEN DIAMETER (INCHES): J.02301

NO. OF SPECIMEN AT EACH STRESS LEVEL: 2
FREQUENCY SQUARED = 421.66¥STRESS

WHEN DATA IS PLOTTED LINEARLYs A CURVE IS FIT
ACCORDING TO THE EQN: Y=CLl/(X¥¥A2)+C2+03¥(X**A2)

WHEN DATA IS PLOTTED LOGARITHMICALLY, A CURVE IS FIT
ACCORDING TO THE EQN: Y=C1+C2¥ALOGL0(X)

ERFFEFUNERAEFEF SRS

STRESS LEVEL NO. 1 NOMINAL STRESS = 20.60KPSI
TIME LOG OF TIME RATIO STRESS REMAINING
HRS. (KPSI)
0. cesea 100.0 20.610
1.0 g. 96 .6 18.67
4.0 d.6 86e1 17.75
28.1 1.4 78.3 : 16.13
124.8 2.1 65845 14011
2839.1 2.5 6lel 12.79
461.5 2.7 59.2 12.21
702.8 2.8 55.1 11.306

CONSTANTS FOR EQN. FITTING DATA PLOTTED LINEARLY?
A2= G.04 Ci= -221.31 2= 582.55 C3= =270.74

DATA FOR EGN. FITTING DATA PLOTTED LOGARITHMICALLY:
Cl: 1U5.05 CZ: -17-“‘1

AT T=40 YEARS, RATIGC = 8.5 AND STRESS REMAINING = 1.76



STRESS LEVEL NO. 2 NOMINAL STRESS

TIME LOG OF TIME RATIO
HRS.
J. veves 100.80
1.0 0. 30.0
4.4 0.5 89.0
28.1 l1e4 88.8
124.8 2.1 72.7
289.1 2.5 69.9
461.5 2.7 674
702.8 2.8 58.6

CONSTANTS FOR eQN. FITTING DATA PLOTTED LINE

A2= 0.00 Ci= 3000.26 C2=16503.11
DATA FOR EGN. FITTING OATA PLOTTED LOGARITHM
Ci1= 109,92 2= -16.98

AT T=40 YEARS, RATIO = 15.8 AND STRESS REM

DATA SET NUMBER

NOTEBOOK NUMBER 52731 PAGE 24
MATERIAL:OFHC CU WITH 25 0Z AG PER TON
STRESS RELAXATION TEST

TEMPERATURE (DEGREES F):200.3

SPECIMEN DIAMETER (INCH=zS): u.0201

NO. OF SPECIMEN AT EACH STRzSS LEVEL:
FREQUENCY SQUARED = 421.,37¥5TRESS

WHEN DATA IS PLOTTED LINEARLY, A CURVE
ACCORDING TO THE EQN: Y=C1/(X**A2)+C

WHEN DATA IS PLOTTED LOGARITHMICALLY,
ACCORDING TO THE EQN: Y=01+C2*¥ALOG1G

FREF LR RPN NP AR ERE

STRESS LEVEL NO. 1 NOMINAL STRESS

= 10.00KPSI

STRESS REMAINING
(KPSI)

10.00 /

gﬁDU
8.90
8,838
f.27
b.99
Bel b
5.86

ARLY:
3= 7592.55

ICALLY:

AINING = 1.58

2

IS FIT
2+C3¥(X*¥*A2)

A CURVE IS FIT
(X)

= 22410KPSI



TIME LOG OF TIME RATIOQ

STRESS REMAINING

HRS. {(KPSI)
0. e o o 0 @ 100!0 22‘1[' \\
1.0 J. 90.1 19.91 o2
4.0 0.6 87 o4 19,32
28«1 14 793 17.53
124.8 2.1 7046 15.61
289.1 2¢5 68.7 15.18
461.5 2.7 644 14.24
702.8 2.8 60.1 13.28
CONSTAN?S FOR EQN. FITTING DATA PLOTTED LINEARLY:
A2= J.04 1= -220.76 Ceg= 582.51 3= -271.43
DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY:
Ci= 10680.5¢C 2= =-13:72
AT T=40 YEARS, RATIO = 2444 AND STRESS REMAINING = 5.40
STRESS LEVEL NO. 2 NOMINAL STRESS = 10.00KPSI
TIME : £L0G OF TIME RATIO STRESS REMAINING
HRS. (KPSI)
0. seves 100.0 10.00
1.0 g. 97 .06 3.76
4.0 0.6 37.6 8.76
28.1 Leky 33.6 9.36
12448 2.1 87 .2 8.72
289.1 2.5 86.9 8.69
4615 2.7 83.2 8432
702.8 2.8 79.2 7.92
CONSTANTS FOR EQN. FITTING DATA PLOTTED LINEARLY:
Az2= 0.01 01=-2633.91 Ce2= 5347.41 C3=-2615.73
DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY:
Ci= 110.08 C2= =-10.31
AT T=40 YEARS, RATIO = 529 AND STRESS REMAINING = 5.29

DATA SET NUMBER 3



NOTEBOOK NUMBER

TEMPERATURE

SPECIMEN DIAMETER

52731
MATERIAL:IOFHC CU WITH
STRESS RELAXATION TEST
(DEGREES F):200.90

(INCHES): 0.0201

PAGE 24

49 0Z AG PER TON

NO. OF SPECIMEN AT EACH STRESS LEVEL:

FREQUENCY SQUARED

WHEN DATA
ACCORDING

WHEN OATA
ACCORDING

IS
TO

IS
TO

PLOTTED LINEARLY,
THE EQN:

421 .68¥STRESS

A CURVE IS FIT

Y=Cl/(X¥*A2)+C2+C3¥(X¥*A2)

PLOTTED LOGARITHMICALLY,

THE EQN3

FERFEFAREFXAXELERRERRS

TIME
HRS.

L]
-

°

® £ o
| il ™ I e}

2
124.8
289.1
461 .5
702.8

STRESS LEVEL NO.

LOG OF TIME

CONSTANTS FOR EQN.

AZ=

DATA FOR EQN.
165.05

Ci=

.02

AT T=40 YEARS,

1=

STRESS LEVEL

LOG OF TIME

FITTING DATA PLOTTED LINEARLY:

1

-984.50

FITTING DATA
ce=

’9«16

RATIO =

NO.

. 4 0 0 ¥

0.

[ASIE RS AS I AV I U e
s o s o e o
o~ 0

2

Y=C1+C2*ALOG10(X)

NOMINAL STRESS

RATIO

1060.0
96.8
94.8
91.2
84.9
84.3
81.0
7749

Ce= 2100.65

NOMINAL STRESS

RATIO

100.0
38.6
97 .2
97.0
92.6
32,40
91.5
88.2

A CURVE IS FIT

18.70KPSI

STRESS REMAINING
(KPS I}

18.70
18.09
17.72
17.086
15.87
15.76
15.14
14.56

G3=-13J19.57

S4.3 AND STRESS REMAINING

PLOTTED LOGARITHMICALLY:

= 10.15

10.00KPSI

STRESS REMAINING
(KPSI)

10.06
9.86
9.72
9.710
9.26
9,240
9.15
8.82



CONSTANTS FOR EQNe. FITTING OATA PLOTTED LINEARLY:

A2= 0.00 Ci1=-1022.72 C2= 2389%.1% C3==1277.02 /C)V
DATA FOR EGN. FITTING DATA PLOTTED LOGARITHMICALLY:
Ci= 103.85 ge= -5.08
AT T=40 YEARS, RATIO = 75.7 AND STRESS REMAINING = 7.57
DATA SET NUMBER 4L
NOTEBOOK NUMBER 52731 PAGE 24
MATERIAL:OFHC CU WITH 60 0Z PER TON AG
STRESS RELAXATIGON TEST
TEMPERATURE (DEGREES F) :200.6
SPECIMEN DIAMETER (INCHES): 0.0201
NO. OF SPECIMEN AT EACH STRESS LEVEL: 2
FREQUENCY SQUARED = 420.69%¥3TRESS
WHEN DATA IS PLOTTED LINEARLY, A CURVE IS FIT
ACUOKRDING TO THE EQN: Y=CLi/ (X¥¥A2)+C2+C3¥ (X¥*A2)
WHEN DATA IS PLOTTED LOGARITHMICALLY, A CURVE IS FIT
ACCORDING TO THE EQN: Y=C1+C2*ALOG1C (X))
FENFENFVRBLFRFFERRES
STRESS LEVEL NO. i NOMINAL STRESS = 24.20KPSI
TIME L.OG OF TIME RATIO STRESS REMAINING
HRS. {KPSI)
00 L B BN BN 10000 2"’.20
1.0 0 98.5 23.84
4.0 J.0 396.6 ) 23.38
28.1 1.4 4.2 2279
124.8 2.1 89.2 21.58
289.8 2.5 87.6 21.20
461.9 2e7 86.2 20.86
702.8 28 8442 20.36



CONSTANTS FOR EQN. FITTING DATA PLOTTED LINEARLY:

AZ= 0.01 C1=-1092.77 C2= 2343.93 C3=-1152.70
DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY:
1= 103.09 Cz= -6.48
AT T=40 YEARS, RATIO = 67.2 AND STRESS REMAINING = 16.25
STRESS LEVEL NO. 2 NOMINAL STRESS = 10.00KPSI
TIME LOG OF TIME RATIO STRESS REMAINING
HRS% (KPSI)
0. sevos 100.0 10.00
1.0 0. 96.6 9.b66
kol 0.6 96.6 9. 606
28.1 les 96«4 .64
124.8 2.1 95.9 9.59
289.8 2e¢5 94,1 9. 41
461 .5 2e7 S4.0 G40
702.8 2.8 90.5 9.05

CONSTANTS FOR
AZ2= 0.060

DATA FOR EGN.
Ci= 109.79

AY T=40 YEARS,

EQN. FITTING DATA PLOTTED LINEARLY:
183.05 C2= 1071.656 C3=-1163.13

Ci=

FITTING DATA PLOTTED LOGARITHMICALLY:
‘6.1*2

Ce=

RATIQ

742 AND STRESS REMAINING

742
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SNUMB

= C0206, ACTILVITY # = 01, REPORT CODE = 056, RECORD COUNT

ONLY STARE OUTPUT CALLEZD FOR

© STRESS RELAXATION T=2ST

T

DATA SET NUMBER 1

731 PAGE 27
{

TEMPERATURE (0zZGREES F):200.0

SPECIMEN DIAMZTER (INCHZS): 0.,3201

NO. OF SPECIMEN AT EA4ACH STRESS LEVEL: 2
- FREQUENGCY SQUARED = 421,28*STRESS

WHEN DATA IS PLOTTZD LINZARLY, A CURVE IS FIT
ACCORBDING TO THE cQN? Y=CL/ {X¥*¥A2)+C2+C 3% (X¥*A2)

WHEN DATA IS
ACCORDING TO THE EQN:? Y=C1+C2*%AL0G1D (X)

Y P NS

£03.0
455.0
678.0

PLOTTED LOGARITHMICALLY, A CURVE IS FIT

= 00171

STRESS LEVEL NO. 1 NOMINAL STRESS = 19.70KPSI
LOG OF TIMZ RATIO STRESS REMAINING
(KPSI)

cesae 136.0 19.70
0.1 86.5 17 .42

0.6 83.6 15.46

1o The2 14,01

2.0 55.5 12.9¢C

2ett 56.2 11.07

247 51.3 13,10

2.8 47.9 9,43

CONSTANTS FOR EQN. FITTING DATA PLOTTED LINEARLYZ

A2=

0.06 1= -156.14 22= 444,63 C3= ~-199.8%

DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY:

Ci=

107.92 2= =-21.28

AT T=40 YEARS, RATIO IS NEGATIVE.



STRESS LEVEL NO. 2 NOMINAL STRESS = 10.00KPSI

TIME LOG OF TIME RATIO STRESS REMAINING
HRS. {KPSI}
8, oo e s 100.0 13.00
1.2 et 33.8 3.38
4.0 0.6 31.40 9.10
27.5 1.4 Bl eb 8.46
100.2 2.0 81.1 8.11
263.0 2oy 58.9 5.98
455.0 27 6549 5.59
678.0 2+8 50.9 5.09

CONSTANTS FOR EQN. FITTING DATA PLOTTED LINEARLY:
AZ2= 0.03 Cl= -777.14 C2= 1b620.82 C3= =-751,10¢4

DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLTY:
Ci= 128.25 2= =23.73

AT T=40 YEARS, RATIO IS NEGATIVE.

DATA SET NUMBER 2

NOTEBOOK NUM3ER 52731 PAGE 27
MATERIALIHIGA PURITY CU WITH 25 0Z PER TON AG
STReSS RELAXATION TEST

TEMPERATURE (DEULREES F):200.0

SPECIMEN DIAMETER (INCHES): 0.,0201

NO. OF SPECIMEN AT EACH STRESS Livel: 2
FREQUENCY SQUARED = 421.35*STRESS

WHEN DATA IS PLOTTED LINZARLY, A CURVE IS FIT
ACCORDING TO THE EQN: Y=C1/ (X*¥A2) +C2+C3*¥ (X¥*AZ2)
WHEN DATA IS PLOTTED LOGARITHMICALLY, A CURVE IS FIT
ACCOROING TO THEZ EQN: r=C1+62*ALOG1LC (X)

AAEREREN AR LSRR XN

STRESS LEVEL NO. 1 NOMINAL STRESS = 21.60KPSI

//u"‘



TIME LOG OF TIHME RATIO STRESS REMAINING

HRS. (KPSI) :
D,
100.0 21.560

0. ® g & & ¢
1.2 0.1 91.3 13.73
4.0 0.6 86.9 18476
27.5 1.4 79.6 17.19
100.2 2.0 74.9 16.19
26340 24 664 14.35
k55,2 2.7 6345 13.71
67840 2.3 60.2 13.01

CONSTANTS FOR EQN. FITTING DATA PLOTTED LINZARLY:

AZ= Jelb Cl= -283.4% 2= 538.83 CI= -244.39

DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY:

Ciz 109155 CZ: -17“1':4'?

AT T=40 YEARS, RATIO = 12.7 AND STRESS REMAINING = 2474

STRESS LEVEL NO. 2 NOMINAL STRESS = 10.00KPSI

TIME LOG OF TIMc RATIO STRESS REMAINING
HRS . (KPSI)

0. sosee 100.0 10.00

1.2 0.1 91.1 9.11

4.0 0.6 86.0 8.60
275 1.4 86,1 8.61
100.2 20 83.1 8.31
263.0 2ol 80.0 8.00
455.2 2e7 75.4 A 754
678.0 2.8 70.6 f.06

CONSTANTS FOR EQN. FITTING OATA PLOTTED LINEARLYS
AzZ= g.02 C1=-2213.58 027 4441406 C3=-2133.72

DATA FOR EQN. FITTING DATA PLOTTED LOGARITHMICALLY:
Ci= 113.24 C2= =1&.52

AT T=40 YEARS, RATIO = 32.7 AND STRESS REMAINING = 3.27
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APPENDIX II - EXAMPLE OF EXPERIMENTAL DETERMINATION OF
CONSTANTS IN BATILEY NORTON EQUATION

Consider the creep strains printed out for OF
copper at 250 Deg F (page 30 of the computer printout).
The creep strains for the two stress levels used and for

the various time intervals are entered in Table A-1.

Table A-1

Time,hr. 1.3* L4L.0 29.0 L49.0 120.8 222.3 337.9 385.5 LB0.7 625.1 1200.7

Stress,ksi Creep Strain, g(c)x103
10.0% 1.92% 2.h0 L.48 5.36 7.21 8.7 9.95 10.36 11.09 12.02 14.78
20.6 L.ohe  7.03 1444 17.36 25.26 3.4l Lke2.9  46.1 52.2  60.7  90.3

The smallest creep strain, stress and time are marked
with an asterisk. They are denoted by g*(c), 0*(0)

and t©* respectively.

A new Table A-2 is now prepared entering

log e(c)/e*(c), log o/0% and log t/t*.

From Table A-1

e+(C) Z 1,90 x 1073
g¥ = 10.0 ksi
t* = 1.3 hr
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According to the Norton-Bailey Creep Law, the creep
strain developed during a constant stress creep test

may be expressed as:

o) 2 <liﬁ>l/(1+u) <£L;F/(l+u) tl/(l+u)
T g

and since g*, 0%, t* define a point on the creep curve:

(c) _ 1+ a*
e” B T o
m

1/1+0 A~/ (1) 1/ 14
oA [ a*
> \ ) i

It follows that:

(c)
_ o L, 1 £
1og =3y = T log 5% + 131 198 %=

Table A-2 Log e(cz/e*c

log t/t* 0.00 0.488 1.348 1.576 1.968 2.233 2.415 2.473 2.567 2.682 2.966

0.0 0.0 0.093 0.367 0.h146 0.57% 0.652 0.71k 0.732 0.761 0.797 0.886

log 0.362 0.564 0.876 0.956 1.119 1.253 1.349 1.380 1.434 1.500 1.672
o/o* 0.302
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A pl 1 S(C) log t/t* f 1 /o
ot of lo vs lo * for various log o/o*
D g ;;T€7 g g
1s shown on the auxiliary diagram. The slope of this
. ) 1 , i m 9
plot is given by T30 and the y-intercept by T log 5% -

From these determinations the constants may be evaluated.
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For log o/c%¥ = O

log t/t* = 3.0

O
o0
[
ru

lo
P
+
=
i

3.4

L= 2.4

For log t/t* =

(1)
O, = c%[f_*_(_'lr___ﬁj“_l} [E*(C ] m

o = 10.0[(3'43(1’3)J (1.92x107°)

One may choose 1 and solve for om
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FIG. A2.1 AUXILIARY DIAGRAM FOR OBTAINING CONSTANTS

IN NORTON-BAILEY CREEP LAW FOR OF COPPER
AT 250 DEG F.
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