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I - SUMMARY

Five recent NASA Contractor Reports were written and published
by Mar-Test Inc. to describe short-term tensile and low-cycle
fatigue evaluations of eighteen (18) candidate materials (17 copper-
base alloys along with pure silver) for regeneratively-ccoled, re-
usable rocket nozzle Tiners. Test temperatures ranged from room
temperature to 593°C with all the elevated temperature tests being
performed in high purity argon. A1l Tow-cycle fatigue tests were
performed in axial strain control with strain ranges being selected
to define the fatigue life to about 3000 cycles. A limited
evaluation of strain-rate and hold-time effects was also included
for selected alloys.

Following the formal publication of the results of these
tests it was decided that a more detailed analysis should be made
of each test to furnish a more comprehensive description of the
low-cycle behavior of each material. This re-analysis focused on
the 188 previously reported low-cycle fatigue tests and led to
a plot of load range versus cycles for each test. It also yielded
a typical hysteresis loop for each test chosen near the region of
half-1ife. And, finaily, this re-analysis led to a summary table
to allow the values of Nr (cycles to a five percent load range drop)
and N: (cycles to comp]e%e specimen separation) to be compared for
each test.

In many of these tests a cyclic softening behavior was ex-
hibited and it was not possible to identify a stabilized load
range value for use in calculating Ng. For these instances, the
interpretation adopted was based on a five percent reduction from
the Toad range value obtained at the point where a decided change
in curvature was noted in the semi-logarithmic plot of load range
versus cycles in the regime near fracture.
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IT - INTRODUCTION

In recent NASA programs, NAS3-16753 and NAS3-
17777, a detailed evaluation was made of the short-term tensile
and low-cycle fatigue behavior of numerous candidate materials
for regeneratively-cooled, reusable rocket nozzle liners such as
found in the engines of the Space Shuttle, Orbit-to-Orbit Shuttle,
Space Tug, etc. Th2 results obtained in these studies have been
described in the following series of NASA Contractor Reports:

NASA CR-121259 -- High Temperature, Low-cycle
Fatigue of Copper-base Alloys in
Argon; Part I - Preliminary
Results for 12 Alloys at
1000°F (538°¢C).

NASA CR-121260 -- High Temperature, Low-cycle
Fatigue of Copper-base Alloys
in Argon; Part II - Zirconium-
copper at 4829C,538°C and 5939cC.

NASA CR-121261 ~~ High Temperature, Low-cycle
Fatigue of Copper-base Alloys in
Argon; Part III - Zirconium-
copper; Thermal-mechanical Strain
Cycling, Hold-time and Notch
Fatigue Results.

NASA CR-134627 -- High Temperature,Low-cycle
Fatigue of Advanced Copper-base
Alloys for Rocket Nozzles; Part I -
Narloy Z.

NASA CR-134628 -~ High Temperature, Low-cycle
Fatigue of Advanced Copper-base
Alloys for Rocket Nozzles; Part II-
NASA 1.1, Glidcop, and Sputtered
Copper Alloys.

Subsequent assessments by NASA personnel of the material
property data presented in the above reports indicated that from a
design point of view a more detailed evaluation of the stress-strain
information recorded in the low-cycle fatigue tests was desirable.
It was decided. therefore, that in Task I of this program a more
comprehensive analysis would be made of each low-cycle fatigue test
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performed during the last two NASA-sponsored programs perfcrmed by
Mar-Test Inc. The strip chart records for each fatigue test were
subjected to additional analysis so that a plot of load versus
cycles could be prepared. In addition, it was decided that a
typical hysteresis loop, selected near half-l1ife, would b2 pre-
sented for each test. And finally, this Task I effort was to
present a tabular summary for all the fatigue tests to compare

the values.of Ng (cycles corresponding to a five percent load
range drop) and N¢ (cycles to complete specimen separation) for
each test condition and material.
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III - MATERIALS AND SPECIMENS

A total of nineteen (19) alloy designations was
involved throughout the course of the material evaluations per-
formed by Mar-Test Inc. on NASA Contracts NAS3-16753 and NAS3-
17777. These designations together with a brief alloy definition
are as follows:

Zirconium-copper, annealed
Zirconium-copper, % hard

Zirconium~-copper, % hard

Tellurium-copper, % hard

Chromium-copper, solution annealed and aged

OFHC copper, hard

OFHC copper, % hard

OFHC copper, annealed

Silver, as-drawn

Zr-Cr-Mg copper, solution annealed, cold
worked and aged

ADTOTR BT
1
WO PN —~O

Electroformed copper, 30-35 ksi

Co-Be-Zr copper, sofution annealed and aged
A second Tot of zirconium-copper, % hard
MASA 1-1A copper alloy, aged

NASA 1-1B copper alloy, as-received

Glidcop AL-10 :

Narloy Z, centrifugally cast, hot-rolled,
solution annealed and aged

Sputtered zirconium-copper, annealed

Sputtered zirconium-copper, as-sputtered

~ 0 a0 QX000
]

n N NN NN N =t =

[« 4, ) 5w N — QWO

Al1% these materials were supplied by NASA-Lewis
Research Center to Mar-Test Inc. and test specimens were then
fabricated in accordance with the design shown in Figure 1. Special
storage procedures were observed for the as-fabricated and post-
test specimens and these are described in the contractor reports
covering the test programs mentioned above.

.Q)
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IV - DISCUSSION OF DATA

A review of all the low-cycle fatigue tests performed
on the two previous NASA-sponsored programs at Mar-Test Inc. led to
the summary presented in Table 1. Each task of each program is
treated individually to indicate the number of low-cycle fatigue
tests performed for each material. This sequencing was also used
in the presentation of the data plots and summary tables for this
report. In other words, the data for the R-0 tests are presented
first, followed by the data for the R-1 tests, etc. It will be noted
that there are 188 tests involved in this data reporting activity.

For each test the load traces were reviewed first and
a plot was made of the load range as a function of the number of
cycles. In general, the first and second cycle information was reéad
from the x-y traces (stress-strain hysteresis loops) and these points
were plotted. Then this plotting was continued for subsequent cycles
using load range information as read from the strip-chart recor.-
ings. A sufficient number of data points was selected throughout
the fatigue 1ife to define a fairly smooth pattern for the plot of
load range versus cycles. Such plots for the 188 tests involved in
this evaluation are presented in Figures 2 through 189. Each figure
jdentifies alloy code number (see Table 1), specimen number, test

temperature, strain range, strain rate and cycies to failure.

A typical hysteresis loop for each test is presented
in Figures 190 through 288. It was the intent here to show the
cyclic stress-strain behavior near half-1ife but in many cases no
hysteresis loops were recorded in the immediate vicinity of Nf/2. In
these instances the hysteresis loop selected for reporting was the
one closest to half-1ife and usually in the region prior to Ng/2.
The particular cycle used in such plots is recorded in the figure
along with the temperature, strain range and cycles to failure.

A final data summary prepared for this report is pre-
sented in Table 2. For each test, values of N, the cycles to a
five percent load range drop, and N_, cycles tg complete specimen
separation, are compared. Some intgrpretation of N. had to be made
in those instances where cyclic softening was exhib?ted. In these
situations the plot of load range versus cycles on semi-logarithmic
coordinates indicated a gradual decrease in the load range as cycling
progressed and it was not pcssible to identify a stabilized load
range for calculating a five percent reduction. The special inter-
pretation adopted for these cases involved the selection of that
point on the load range plot where a change in curvature first
began to appear as the load range began to decrease rapidily as
failure approached. A five percent drop from this load range value
was then used to establish the value for Ng. In a few cases no
value of N is reported (in Table 2) due either to the fact that the

specimen failed before a five percent load range reduction was reached

or, because of the orientation of the crack with respect to the ex-
tensometer tips, the load range actually increased slightly near the
failure point,



Table 1 -

in Two Previous Programs

Summary of Low-Cycle Fatigue Tests Performed by Mar-Test Inc.

A

CONTRACT NAS3-16753; initation date: June 29, 1972

Alloy Designation Material

Task I

*kkkkkkk

Zirconium-copper, % hard
Zirconium-copper, % hard
Tellurium-copper, % hard

OFHC copper, hard
OFHC copper, % hard
OFHC copper, annealed
Silver, as-drawn

1
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wo
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Task II

*kkkkkkki

R-2 Zirconium-copper, % hard

Task III

*kkkkkkkdk

R-2 Zirconium-copper, % hard
R-20 Zirconium-copper, % hard

Number of Tests

Zirconium-copper,annealed

Chromium-copper, SA and aged

Zr-Cr-Mg copper,SA,CW and aged
Electroformed copper, 30-35 ksi
Co-Be-Zr copper, SA and aged

NN AIOINON0 OYOH

25



Table 1 continued - Summary of Low-Cycle Fatigue Tests Performed by Mar-Test Inc.
- in Two Previous Programs

CONTRACT NAS3-17777; initiation date: June 28, 1973

Alloy Designation Material Number of Tests
Task I
%* k% %k kk%k
R-24 Narloy Z, HR, SA and aged 29
R-2 Zirconium-copper, % hard 2
Task II
* %k dkdkdkkk ik
R-21 NASA 1-1A copper alloy, aged - 4
R-22 NASA 1-1B copper alloy, as-received 20
R-23 Glidcop AL-10 4
R-25 Sputtered zirconium-copper, annealed 4
R-26 Sputtered zirconium-copper, as-
sputtered 1
Overall Total: 188 tests
Py A e -
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"LOAD RANGE PLOTS

Figures 2 through 189
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