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FOREWORD

The Nuclear Aerospace Research Facility (NARF) of General
Dynamics/Fort Worth is conducting a series of tests on NERVA
components and materlals for the Space Nuclear Propulsion Officc,
Cleveland, Ohio (SNPO-C). Previous tests have been performed
under Contracts AF33(657)-7201 and AF29(601)-6213 and are reported
in GD/FW Reports FZK-170, Vols. 1 through 8, and FZK-184, Vols,

1 through 6, respectively. The test reported in this document
(FZK-263-1) was sponsored by Aerojet-General Corporation and
involved the 1irradiation of varicus metals in liquid hydrogen.

A companion test sponsored by Westinghouse Astronuclear

Laboratory involved the irradiation of metallic and graphite
materials in liquid nitrogen and is reported in FZK-263-2.

Both tests were performed in the GTR Radlation Effects Testing
Facility of NARF under Cupplemental Agreement 2, Contract AF29(601)-
6643, and are designated GTR Test 16,
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SUMMARY

The test described in this report was designed to determine
the combined effects of nuclear radiation and liquid-hydrogen
temmperatures on the tensile and shear properties of specific
metals considered for structural aipplications in the NERVA pro-
pulsion system. Specimens of the materials were mounted in AGC
cryogenic materials pulling assemblies, submerged in liquid
hydrogen, and irradiated for close to 200 hr. While still in
liquid hydrogen, the specimens were pulled in tension or shear
until fracture occurred. After the radiocactivity had decayed
sufficiently, the specimens were removed and measured for elonga-
tion and reduction in cross section. Selected specimens were
then subJjected to x-ray diffraction and metallographic studies. f:;~

Two irradiations were required; both were terminated before
the scheduled 200 hr because of suspected hydrogen leaks. Two
assemblies were used in the first irradiation (190 hr) and one in
the second irradiation (178 hr).

Analysis of the neutron monitoring foils exposed during the
irradiations indicates that a typical neutron flux above 1.0 Mev
was 2.44 x 10% n/cme-sec-watt, or 5 x 1016 n/cm2 integrated flux.
Integrated fast- and thermal-neutron flux profiles giving the
exposure at various specimen positions are included in the body of
the report.

From a statistical analysis of the stress-strain data, it was
found that a radiation-effect threshold was obtained. Definite

trends of decreased elongation and increased yield strength were

B i Lo oY 2




noted. Some variation in ultimate tensile strength and shear
strength was also noted. No significant change was encountered
in the analysis of the notched-tensile-specimen data. On the
opposite page is a table showing the percentage changes for shear

and unnotched tensile specimens.
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Summary of Mechanical Property Results

Specimen Percent Change in Mechanical Properties
Material |“mype | Uitimate [UIt. Tensile [ Yield Shear
Elorgation Strength Strength | Strength
Al A35§-T6 LU -30.5 +18,0%% +38,1##
Al A35%-T6 S - 9,5%%
Al 6061-T6 LU + 4,4 + 6,0 +18,3%#%
Al 6061-T6 LWU +18.7 - 3.2 - 7.6
Al 6061-T6 TWU - 5.1 + 6.4 +21 ., 5%#%
Al 6061-T6 LWU#* ~T71.8%# 28,3 %% + 0.3
Al 6061-T6 TWU# + 0.4 . -16.6%% -11.0 = @ltt”
R/ 6CLr-Té s . + 8.0k
Al T7075-T6 LU =17.6%% 1Y + 5.2
Al TO075-T6 S -15,T#*
SS 347 LWU + 6.5 + 2.4 -35,1%% -
SS 347 S - 1.4
SS 347¢C LU - T.7 - 2.0 - 3.4
SS A-286 LU =14, ,9%* - 1.0 + 0.8
SS A-286 S : - 6.7
Inconel X-750 LU -11,8#%#* -10,0 + 8.1
Inconel X-750 S . + 6,0%#
Inconel T13¢| LU -16.3 +19.0%% | +23.3%# -
T1 A-110-AT | TU + 4,0 + 4.0 +2.8
Ti A-110-AT T™WU -19.7 + 1.0 + 2.8
Ti A-110-AT S + 9.1
Hastelloy C LU -- - 0.2 +* 0:5
Hastelloy C S -1l , 8un
D-979 S +10.2 - -
L - Tensile specimens pulled longi- S - Shear specimens

tudinal to the rolling direction
* ~ Specimens tested in

T - Tensile specimens pulled trans- the "as welded"
verse to the rolling direction condition
U - Unnotched specimens ## . The percent change
shown 1s statistically
W - Welded specimens significant
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I. INTRODUCTION

GTR Test 16 1s part of a series of tests being conducted
at the Nuclear Aerospace Research Facility (NARF) of General
Dynamics/Fort Worth for the Space Nuclear Propulsion Office
at Cleveland, Ohio (SNPO-C). The purpose of these tests is
to determine the effects that a liquid-hydrogen and/or nuclear-
radiation environment will have on the components and materials
proposed for use in the NERVA engine. The Aerojet-General
Corporation (AGC) has prime responsibility for development of
the NERVA engine; the nuclear reactor in the engine is being
developed by Westinghouse Astronuclear Laboratory (WANL).
Previous tests in the series and the results of these tests
are given in Referencé 1l and 2. QTR Test 16 is documented
in two volumes: Volume 1, reporting on the irradiation and
testing at LH, temperatures of tensile and shear metallic
specimens supplied by AGC; and Volume 2, reporting on the
irradiation at LNz temperatures of materials and components
supplied by WANL (Ref. 3). ,

The AGC test, as set forth in the AGC specifications (Ref.
4), consisted of three parts: 37/A002, 37/A003, and 37/AOOL,
The latter, a thermal-conductivity test of metallic specimens
at LH, temperatures, was cancelled during preirradiation control
testing because of malfunctions in the test apparatus. The other
two specified: (1) the irradiation of metallic tensile and shear
specimens for approximately 200 hr at LH, temperatures, (2) the

subsequent testing (pulling in tension or shear until fracture




occurs) of the specimens while still in LH2, (3) measurement in
the laboratory of elongution and percent reduction in cross-
section, and (4) x-ray diffraction and metallographic studies.

A 1ist of the materials tested is given at the beginning of
Section II. This is followed by a description of the specimen
loading arrangement, the irradiation and testing procedures, and
the equipment and instrumentation. In Section III is a statistical
analysis of the mechanical property data; a discussion of the
methods used for correlating and correcting the data; and a
description of the dosimetry used, along with curves showing the
integrated neutron fluxes and the gamma doses to which the speci-
mens were exposed.

The Radiation Effects Testing Facility 1is described in
Appendix A. The methods used to attain the gage-length correction
factor are discussed in Appendix B, Detailed mechanical-property
data, stress-strain curves, and the results of the x-ray diffrac-

tion and metallographic studies are presented in Appendix C.
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TEST PROGRAM

The GTR Radiation Effects Testing System at NARF is de-

scribed briefly in Appendix A and in detail in Section 2 of

Reference 5. The GTR is located in a water-filled tank that

occupies one-third of a 20- by 30- by 27-ft-deep "swimming

pool." The other two-thirds makes up the irradiation test cell.

For irradiations, the reactor is traversed into a closet-like

structure located midway in the tank wall separating the two

areas of the pool. Items to be irradiated may be placed at

any or all of the three sides:

the north side, with 2 in. of

water shielding, or the east and west sides, with 4 in., of

water, Thce AGC specimens were located at the east and west

positions, the WANL specimens at the north position (Fig. 2-1).

The tensile and shear s, ecimens, all of which were provided

by AGC, were fabricated from the following materials:

Tenslle Specimens

Aluminum
A356-T6
6061-T6
7075-T6

Stainless Steel
347
440C
A-286

Nickel Alloy
Inconel X-T750
Inconel T713C
Hastelloy C

Titanium
A-110-AT

Shear Specimens

Aluminum
A356-T6
6061-T6
T7075-T6

Stainless Steel
347
410
A-286
D-979

Nickel Alloy
Inconel X-750
Hastelloy C

Titanium
A-110-AT

. Yy
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2.1 Test Procedures

To accommodate all the specimens, two 200-hr irradiations
were planned, with a testing and re-setup period in between.
During the first irradiation, two pulling assemblies were used -
one on the east side of the closet and one on the west. The
east assembly contained 52 tensile specimens and the west assem-
bly contained 4O tensile and 20 shear specimens. During the
second irradiation, only one pulling assembly was used. It was

placed in the east position and contained 44 tensile and 20

shear specimens. The first irrediation was terminated after
190 hr and the second after 178 hr because of suspected hydrogen

leaks.

2.1.1 Specimen Loading Arrangement

R It Ty AR ST O

All specimens were cataloged and measured at NARF, then
loaded in the pulling assemblies according to the schedule pro-
vided by AGC. Figure 2-2 of the east assembly, second irradia-
tion, shows a typical loading of tensile and shear specimens
before irradiation. Figure 2-3 of the east assembly, first
irradiation, shows specimens after being pulled to fracture in 1
tension. As indicated in these photographs, the specimens at
any one of the four pull-rod positions can be pulled sequentially
by a continuous upward stroke of the pull rods. The length

of the slot in the upper, reinforced section of each specimen
is designed to vary in such a way that only one specimen

will be pulled at a time. Figure 2-4, a drawing of the general
specimen design, 1llustrates how the slot length determines the

distance B, which 18 equivalent to the distance between the clevis




Figure 2-2

NPC 23,538
31-8355

Typical Specimen Loading for AGC Cryogenic Materials
Test Assembly
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pins at the time a tensile force is applied to the specimens.
Figure 2-5 shows 2 typical notched and an unnotched specimen.
The pulling assembly is described in more detall in Section 2.2.1.
The loading schedules for the three pulling assemblies are
given in Tables 2-1, 2-2, and 2-3. FEach table lists the specimen
material, condition, identification number, and the distance B.
The notation in the "'condition" column is used throughout the
report and is to be interpreted as follows:

L - specimens pulled longitudinal to the direction in
which the material was rolled

T - specimens pulled transverse to the direction in
which the material was rolled

N - notched specimens
U - unnotched specimens
W - welded specimens

W (as welded) - specimens that have not been subjected
to heat treatment after welding

2.1.2 1Irradiation Procedure

The main steps followed in preparing for the irradiations

are described below:

1., Identify all specimens and record all pertinent data.
Apply a Microdot weldable strain gage to one specimen
in each pull position (see Tables 2-1, 2-2, and 2-3).

2. Charge and bleed the pulling and indexing hydraulic
systems. (These systems have identical plumbing.)

3. Check all specimens and load in accordance with the
AGC loading schedule described in Section 2.1.1.
Check out each extensometer mechanism and make necessary
adjustments.

4, Mate each AGC Cryogenic Materials Test Assembly to an
AGC dewar; hook up and check all associated cryogenic
plumbing. Hook up and check all purge equipment and
instrumentation.
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Table 2-1

Specimen Locations in East Pulling Assembly
First Irradiation

Pull Rod 1 (South Position Pull Rod 2
Material ConéIEIon No. & (in.) | Material Condition No. B (in.)

347 bR )] 701  13.00 440C LU 201 13.00
7075-T6 LN 117 12.625 4uoc Lu 19 12.625
7075-T6 LU 105 12.125 6061-T6 Lwye 72 12.00
7075-T6 LN 113 11.75 347 IN 707 11.50
7075-T6 L 101  11.25
6061-T6 IN 2-83 10.75 347 IN 705 11,00
6061-T6 LU R-B3 9.875 A-286 IN 225 10.50
6061 -T6 LN 2-89 375 A-286 Lv 213 g. 75
6061-T6 Lub 2-77 .50 2-286 LN, 221 875
A-110-AT T™N 383 8.00 A-286 LU 210 7.75
A-110-AT TV 285 7.25 A-~110-AT TWN 345 7.375
A-110-AT ™ 329 5.75 A-110-AT T™U 237 6.
A-110-AT TV 281 5.99 A-110-AT TWN 341 6.50
A-110-AT T™WU 293 5.99

g™ =

Pull Rod Pull Rod 4
Material UTondition No. B (in.)| Materisl Condition No. B (in.

440C LU 202 13.00 347 LU 702 13.00
440C LU 198 12.625 7075-T6 LN 118  12.625
6061-T6 Lwu® 725 12.00 7075-T6 LU 106 12.125
347 IN 708  11.50 7075-T6 IN 114 11.75
347 IN 706 11.00 7075-T6 LU 102  11.25
A-286 LN 226 10.50 6061-T6 IN 2-gu 10.75
A-286 LU 214 g. 75 6061-T6 LU R-8B2 9.875
A-286 LN 222 875 6061-T6 IN, 2-90 .375
A-286 Lub 211 7.75 6061-T6 v 2-78 .5
A-110-AT TWN 36  7.375 A-110-AT TN 3gu 8.00
A-110-AT TWU 238 6.875 A-110-AT TV 286 7.25
A-110-AT TWN 32 6.50 A-110-AT ™ 330 6.75
A-110-AT TWU 294 5.99 A=110-AT ™ 2B2  5.99

8Specimens tested in the "as welded" condition (without heat treatment).

bstrain gage welded to specimen to measure strain in reduced cross section.

- ~
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Tadble 2-2

Specimen Locations in West Pulling Assembly

Pirst Irrsdiation

&

Pull Rod 4 (South Position Pull Rod
matelaT et et B (1n.) | Materss) condiEios Mo B (1n.)
347 w T0 13.25 6061-T6 ™V 3=-31 13.00
347 Lye 704 12.125 6061-T6 T™wye 3-35 12.50
A356-T6 LN 22 11.75 6061-T6 TWN 3-42 12.125
A356-T6 Ly 10 11.25 6061-T6 TWN 3-44 11.75
A356-T6 IN 18 10.875 6061-T6 TWN 3-46 11.375%
A356-T6 Lv 6 10.375 6061-T6 TWN 3-48 11.00
347¢C L 157 9.937 347 LWN 216 10.75
347¢C IN 185 9.562 347 IWNU 204 9.75
347¢C A1) 173 125 347 LWN 214 50
Hastelloy C IN 369 625 347 IWU 202 50
Hastelloy C L 357 T7.50 347 LWN 212 8.25
Hastelloy C IN 365 7.00 347 INU J0 7.85
Hastelloy C n 353 5.99 347 LWN 210 6.875
347 Lwye 198 5.99
Pull Rod Pull Rod 1
Material Tondition No. B (in.) Materia No.
6061-T6 ™U 3-32 13.00
6061-T6 ™U 3-36 12.50 6061-T6 1
A356-T6 ™ 21 11.75 6061-T6 2
A356-T6 w 9 11.25 6061-T6 R
A356-T6 LN 17 10.875 6061-T6
AESG-’PG Lye 5 10.375 A-286 5
347C LU 1;8 9.937 Hastelloy C 6
347¢C IN 186 9.562 Hastelloy C g
347¢C Ly 174 8.125 Hastelloy C
Hastelloy C IN 370 .65 Hastelloy C 9
Hastelloy C LU 358 T.50 A-286 10
Hastelloy C IN 366 7.00 A356-T6 11
Hastelloy C LU 354 5.99 A356-T6 12
A356-T6 1
A356-T6 1
A-286 15
7075-T6 16
7075-T6 1
7075-T6 1
7075-T6 19
A-286 20

.Stnin gage welded to specimen to measure strain in reduced cross section.

bghear specimens

12




Table 2-3 ]

Specimen Locations in East Pulling Assembly
Second Irradiatior

Pull Rod 4 SSouth Positiong Pull Rod 2 g
Moteria onaltion o. (in.) Meterial ConditiIon No. B (in.)] |
|
Inconel X-750 LU 381 13.00 Inconel X-750 LU 3832 13.00
Inconel X-750 IN 389 12.50 Inconel X-750 LN 390 12.50
Inconel X-750  LUP 377 11.375 | Inconel X-750 LU 378  11.375
6061-T6 LwNe 3-114 11.00 6061-T6 TWN 288  11.00
6061-T6 LWN® 727 10.75 6061-T6 LU 761 10.25 4
6061-T6 TWU® 720 10.25 6061-T6 wue 760 9.875 ;
6061-T6 TWNA 723 9.875
6061-T6 TWY@ 719 9.375 | 6061-T6 LWN 3-83 .00 3
6061-T6 TWN8 722 9.00 6061-T6 LWU 3= .50 1
6061-T6 WU 718 8.50 6061-T6 LWN 3-90 8.125 {
6061-T6 TWN2 721 8.125 | 6061-T6 Lwub -78 7.625 |
6061-T6 TWyab 717 7.625 | Inconel 713C LN 18  7.25 %
Inconel 713C LN 417 7.25 Inconel 713C LU 4o6 6.812 ;
Inconel 713C LU 4os 6.812 | Inconel 713C IN biy 6.437 §
Inconel T13C LN 413 6.437 | Inconel 713C LU 402 5.99 %
Inconel 713C v 401 5.99 ;
{
1
Pull Rod Pull Rod U4
Material Condition No. B (in.) MaterialC No. |
A-110-AT 1
Inconel X-750 IN 392 13.00 A-110-AT 2
Inconel X-750 LN 391 12.50 A-110-AT E
6061-T6 Lwuya 726 12.00 A-110-AT
347C IN 190 11.50 D-979 5
347C LN 189 11.00 Inconel X 6
6061-T6 LWN 3-96 10.625 Inconel X g
6061-T6 IWU R-84 9.75 Inconel X
6061-ToS IWN 3-94 .375 Inconel X 9
6061-T6 LwuP 3-82 .50 D-979 10
uL4ocC LN 610 8.00 347 11
44oc LN 608 7.50 347 12
4uoc LN 606 7.00 347 1
huoc IN 604 6.50 347 1
6061-T6 LwN® 728 5.99 D-979 15
410 16
410 1
410 1
410 19
D-979 20

a8specimens tested in the "as welded" condition (without heat treatment).

bStrain gage welded to specimen to measure strain in reduced cross section.

CShear specimens

13




5. Attach each test-assembly support stand to a pallet on
the shuttle system (see Appendix A) and lower into
position adjacent to the reactor closet (Fig. 2-1).

By means of the overhead crane, lower each test assembly
into position (Fig. 2-6).

6. Fill each dewar with LHo and stablilize the level. Bring
the reactor to 3 Mw power and slowly traverse it into
position in the closet,

The first irradiation was terminated after 190 hr because

of a hydrogen leak indicated by a General Monitor sensor located
at the top of the dewar shroud on the west assembly. No other
sensor on either assembly indicated a leak. Since 95% of the
scheduled amount of radiation was obtained, it was decided to
terminate the irradiation and test the specimens.

The second irradiation was terminated after 178 hr, also
because of a suspected hydrogen leak which was indicated by two
General Monitors sensors located in the same general area as
the one in the first irradiation. It was again decided to con-
sider this amount of radiation adequate and test the samples.

2.1.3 Postirradiation Tests

At the conclusion of the irradiation, the reactor was shut
down and the specimens pulled in tension or shear until fracture.
The sequence of operations was as follows:

1. Wait 1 hr after reactor shutdown for the assemblies
to reach an equilibrium condition.

2. Position the hydraulic valves on the interconnect
panel to the desired assembly.

3. Assure that the hydraulic and instrumentation systems
are zeroed.

4, Set Instron crosshead travel at 0.050 in./min.

5. Start recording systems and then Instron crosshead
travel.
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Figure 2-6

NPC 22,733
31-8349

Installation of AGC Cryogenic Materials Test Assembly
in the Irradiation Cell
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6.

T.

8.

Continue crosshead travel until fracture of the
specimen is noted.

Stop Instron crosshead travel immedlately after tensile
specimen fracture and index extensometer mechanism to
next specimen. (No indexing is required for the shear
specimens.)

Advance Instron crosshead to pickup point for next -
specimen and stop to assure readiness of hydraulic
and recording systems for pulling operation.

All specimens in both irradiations were tested satisfactorily,

but some minor irregularities occurred during the first irradiation.

These are described below:

1,

A load-cell strain gage on pull rod No. 3 in the west
assembly came loose while pulling the third specimen.
Instron data were correlated to the strain data, as
explained in Section 3.3, to present the stress-strain
relationship.

Because of inadequate specimen spacing, the No. 2
specimen on pull rod No. 4 in the west assembly was
picked up prior to failure of the No. 1 specimen. 1In
order to test the remaining specimens on this rod, it
was necessary to fracture these two specimens together,
thus producing an overload condition and a resulting
null shift of the load cell. Instron data were corre-
lated as stated above.

The load cell for pull rod No. 3 in the east assembly
was erratic and unreliable. 1Instron data were corre-
lated to the strain data as previously described.

Extensometer data were lost on several specimens because
of specimen irregularities. The rod-movement data were
used to present the stress-strain relationship for determir
nation of the yield points.

Considerable difficulty was encountered with the indexing
hydraulic system due to gas evolution. This was corrected
before the second irradiation by providing a circuit for
bleeding each indexing hydraulic ram after irradiation.

After completion of the tests, cryogen flow was terminated

ard each assembly was purged according to established procedures

detailed in the approved planning document. When the purge was
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completed, the assemblies were left in the test cell for one
week to allow for radioactivity decay. The systems were
then removed from the test cell and stored in an isolation
area,

Specimens and dosimetry from the east assembly used during
the first irradiation were removed after about two weeks in the
isolation area. The other two assemblies were first leak-checked,
as described in Section 2.1.4, then demated for specimen and
dosimetry removal. All specimens were taken to the Irradiated
Materials Laboratory and measured for final gage length and cross
section. Selected specimens were then sectioned and sent to the
appropriate latoratories for the x-ray diffraction and metallo-
graphic studies.

2.1.4 Postirradiation Hydrogen Leak Check

The two systems with suspected leaks were positioned on the
ramp and prepared for checkout to attempt to determine 1f a leak
actually existed.

The west system was pressurized with helium gas to 7 psig.
A significant leak was detected in the 1.5-in. flexible exhaust
line approximately 12 ft from the top of the dewar shroud. A
section of the bellows appeared to have been damaged and was
dented and cracked. It 1s not possible to say if this happened
during the test setup or upon removal of the equipmert from the
test cell, The leak in the exhaust line was repaired and the
system was prepared for an LH2 leak-check. The dewar was filled
with LH, and stabilized at the normal level for 2 hr. The system
was continuously checked during this 2-hr period, but no leaks

were detected.
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The east system (second irradiation)

was rressurized with

helium gas to 7 psig with no detectable leaks; a pressure decay

of approximately 0.1 psi/hr was noted. The dewar was then filled

with LH2 and stabilized for 2 hr. No leaks were detected. M.S.A,

portable detectors were utilized for leak-checking. The General

Monitor gas-analyzing system is being examined and tested for

possible inadequacies and/or radiation damage.

2.2 Test Hardware and Instrumentation

2.2.1 Cryogenic Materials Test Assembly

The test assemblies are rated for a load application of

12,000 1b. An allowable overload of 25 permits a resultant

maximum load of 15,000 1b. The hydraulic

rams and load cells

are the limiting factors. The complete pulling assembly is

shown in Figure 2-7.

Each assembly has four pull positions. The tensile specimens

are secured between a stationary clevis and a movable clevis at

each pull position. The movabie clevis 1s connected to two pull

rods extending through the flange plate.

The pull rods extend

through two guide bushings and an asbestos sealing gland. Above

the flange plate the pull rods are connected to a pull-bar actuator.

The hydraulic ram at each position 1s connected to the respective

pull-bar actuator through a load-cell coupling. The statiorary

clevis is secured to the base plate with 0.75-1n. stainless-steel

(NAS1012-15) bolts. The base plate 18, in turn, secured to ccm-

oression members to transmit loading to the ram mounting structure.

Mounting fixtures are provided for shear specimens and secured

between the clevises for load application.

18
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Figure 2-7 AGC Cryogenic Materials Test Assembly with Cryogen
Can Installed
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four progressive shear fixtures,
Each clevis is divided into two sections, each section (,
being 2.06 in. wide. This permits a possible sample loading
as follows:
Tensile 14 specimens, of 0.25-in. grip thickness,
per pull position for a total of 56 speci-
mens per pulling assembly.
Shear 5 specimens per shear fixture for a total
of 20 specimens per pull position and 80
per assembly.
Various combinations of tensile and shear samples may be tested
in any given assembly.

2.2.2 Liquid-Hydrogen Dewar

The cylindrical dewar is composed of twu concentric cylin-
ders, with similar 2:1 elliptical closures on the bottom connected
to a common circular plate on the top (Fig. 2-8). A vacuum is
maintained between the cylindrical vessels for insulation. The
inner vessel contains the cryogen can, which is secured to the
underside of the pulling assembly flange plate (see Fig. 2-7).

The evaporated cryogen is discharged from the bottom of the dewar
through a 1.25-in. exhaust 1line,

The dewar 1is secured to the test assembly flange plate with
twenty 0.5-in. oolts and sea 2d with a 0.0625-1in.-thick asbestos
gasket. The bolts, of A-286 specification, are external
wrenching with allowables in tension of 140,000 psi minimum at
room temperature. When the system is assembled, the test assembly
1s eccentric to the dewar centerline by approximately 5 in.

Specifications and structural analyses of the dewars are

available in References 6 and 7, respectively. (‘
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Figure 2-8 Dewar for AGC Cryogenic Materials Test Assembly




2.,2,3 Equipment Safety Provisions

Safety provisions for all test equipment are described L.
below:
l. The entire upper portion of each test assembly is

enclosed in a shroud. All access fittings or lines
are routed into or through the shroud for termination
of connections. The shroud is continuously purged
with helium gas at approximately 2 cfm to maintain
an inert atmosphere. The shroud exhaust is routed
through a 1.25-in. swing check valve at the top of
the shroud and vented out of the pool to a vent stack
at the north end of the facility. The shroud vent
lines are 1.50-in, stainless-steel flex lines and are
paralleled into the 3-in. vent system.

A pop safety valve 18 incorporated as overpressure

protection for each test assembly and is set at 7.5

psi. The valve is positioned in and vented into the

shroud. When the valve is actuated, a hermetic micro-

switch sets off both a visual and an audible alarm in

the control room. The valve is connected to the dewar

by a 1.25-in., stainless-steel tube flanged at the shroud

and welded at the assembly mounting flange. In case -

the valve should be actuated, the shroud exhaust is sized .
sufficiently to handle the normal boil-off. (M

A 2.00-in., 22-psi rupture disc is incorporated in the
upper closure of the dewar. The rupture disc is ported
to the shroud exhaust system for venting out of the pool.

The normal exhaust 1s vented from the dewar to the burn
stack. The exhaust fitting at the dewar and the rupture
disc are enclosed in an inert shroud. The shroud 1is
purged continuously with helium gas at approximately

2 cfm. The dewar shroud exhaust 1s vented into the pull-
assembly shroud system.

Liquid hydrogen is supplied to each dewar through a
0.75-in. vacuum-insulated flexible supply line. The
termination at the test assembly 1s made inside the
shroud. A rigid vacuum-insulated stainless-steel line
is routed from the shroud to the dewar and welded into
the pull-assembly mounting flange.

The electrical wiring required for liquid-level indica-
tion, temperature monitoring, and strain gages is routed
oat of the dewar through a 2-in. stainless-steel tube.
The tube 18 welded at the mounting flange and bolted
with an asbestos seal at the shroud. At the shroud, tinz
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wiring is terminated in a hermetic connector. This
wiring, plus additional instrumentation and control
parameter wiring, is routed out of the shroud through
hermetic connectors.

Dewar pressure and shroud pressure are monitored con-
tinuously throughout the test., IRC 0-15 psig transducers
are utilized as pressure transmitters. The output signal
of each transducer i1s continuously recorded on a strip
recorder in the control room (see Fig. 2-9). The trans-
ducers are mounted in the handling area and connected to
the dewar and shroud with 50 ft of 0.25-in. copper tubing.
The line to the dewar 1s routz2d through the shroud with

a connection made inside thc shroud.

2.2.4 Hydraulic System

Loads are applied to the tensile and shear specimens by means

of hydraulic rams. Each basic system has the following components:

1.

2.

3.
b,
5.
6.

A master cylinder, which is secured between the movable
crosshead and the load cell of the Instron tensile
testing machine (see Fig. 2-10).

Four slave (or pulling) cylinders located on each
assembly.

Pressure and return manifold gages.
Make-up and bleed reservoir.
Supply reservoir and pressure pump.

Interconnecting lines, valves, and fittings.

Each cylinder has a bore of 3.25 in., a stroke of 14 in.,

and a rod diameter of 1.375 in. This gives an effective rod-end

piston area of 6.8 sq. in. The lines are connected to the cylin-

ders to permit pressure application to the rod end.

2.2.5 Cryogenic Transfer System

Liquid hydrogen ie supplied to each test assembly from an

LH2 transfer traller located adjacent to the reactor pool. An

LH2 supply manifold, equipped with remotely operated supply
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Figure 2-10 Instron Machine with Master Cylinder Installed




valves, is located outside the facility shield. Each supply
valve is equipped with a pneumatically controlled positioner
to permit proportional control of the cryogen flow. Each test
assembly is connected to the manifold with 90 ft (two sections)
of nominal 0.75-in.-ID, vacuum-insulated flexible lines. The
manifold is equipped with two inlet valves to permit change-
over of LH, trailers without interrupting flow to the test
assemblies.

2.2.6 Cryogenic Exhaust System

Liquid hydrogen 1s contained in a can inside of and open
to the dewar. The evaporated oryogen 1is e.chausted through a
1.5-in. 1line connected at the top of the dewar. The exhaust 1is
ported through a combination of flexible and rigid 1.5-in. lines
to a point outside the facility shield. Each 1.5-in. line is
routed through a gate valve and check valve into a common 5-in.
line, The 5-in. line ties into the burn stack. The exhaust
system is equipped to vacuum purge the test assemblies.

The vacuum purge system is composed of a valve network, a
mechanical vacuum gage, a compound pressure-vacuum gage, and a
vacuum pump. The valves are 1.5-in. unrestricted gate valves
for vacuum and/or cryogenic service. The vacuum pump is a Kinney
KD-30 pump rated at 30-c¢fm pumping speed, with an optimum capa-
bility of 10 microns. The pump and mo*or are class "B" explosion-
proof and are equipped with Lox-Safe 0il. The system is designed
to purge an individual segment or all segments in parallel.
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2.2.7 Cryogenic level Indication and Control Systems

A liquid-level indication system continuously monitors the
cryogen level in the test assemblies. The system consists of a
sensor probe and an indication panel. The panel is shown in
Figure 2-9 and the probe in Figure 2-11. The probe consists of
seven 0.25-watt carbon resistors mounted in a rake and spaced
29.50, 21.75, 19.00, 11.00, 9.00, 6.25, and 4.12 in. below the
dewar flange. The optimum control level will be between 9 and
11 in. (10 in.) below the dewar flange.

Each resistor in the probe is excited to dissipate 1its
rated power for maximum sensitivity and response. The large
difference in the heat-transfer rate of the sensor when it 1is
in liquid and when 1t 1is in vapor produces a temperature and
corresponding resistance change in the sensing element. As
this resistance reaches a threshold value, ¢t activates an out-
put signal in the transistorized control panel. This signal
triggers an indication light and/or alarm system.

A liquid-level control system is utilized to maintain a

near constant level in each test assembly. A Bristol control

unit, with a +100° to -430°F range kit, is used as the controlling

device (see Fig. 2-12). A copper-constantan thermocouple is
positioned in the dewar relative to the desired control level.
The thermocouple EMF 18 converted to a proportional pneumatic
signal in the Bristol controller. This pneumatic signal is fed

to a Fisher proportional positioner, which 1s an integral part

of the cryogen manifold and 1s connected in such a way as to con-

trol the outlet valve.
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Figure 2-11 Lower Section of AGC Cryogenic Materials Test Assembly
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2.2.8 Instrumentation

2.2.8.1 Applied lLoad Measurement

The applied load to each specimen is measured by a four-arm
strain-gage load cell and recorded on an Offner dynagraph recorder.
(The load cells can be seen in Figure 2-13.) The strain gages
used are BLH weldable gages with ceramic bonding for optimum
radiation resistance. Each load cell was calibrated utilizing
the Instron tensile testing machine for load application and the
Offner dynagraph recorder for data acquisition. Calibration data,
shown in Pigure 2-14, were obtained in represe.itative increments
up to 15,000 1b,

2.2.8.2 Strain Measurement

Representative strain is measured by three methods. These

are described as follows:

Gage Length Extensometer. An extensometer mechanism is pro-

vided to measure the strain within the specimen gage length. Tabs
are clamped and tack-welded to the unnotched tensile specimens to
provide a 2-in. gage length. Fingers (or arms) are positioned
relative to the tabs and connected to concentric tubes which are
in turn connected to a displacement transducer. The fingers can
be seen positioned on the specimen t‘abs in Figures 2-2 and 2-3.
The transducer used is a Physical Sciences variable permeance-
type, with a +1.000-in. range. The cryogen gas seal around the
concentric tubes is effected by a cylinder-and-piston arrange-
ment utilizing Teflon "bal seals." The extensometer mechanism

is irdexed from one specimen to another by means of a combina-

tion hydraulic and pneumatic indexing system (see Fig. 2-15).
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Fi -
gure 2-13 Upper Section of AGC Cryogenic Materials Test Assembly: Front Side
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Figure 2-14 Typical Load Cell Calibration Curves
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Each extensometer mechanism is calibrated to 0,800 in, in
representative progressive increments. Typical calibration (,
curves are shown in Figure 2-16.

Rod Movement Mechanism, A mechanism is provided at each
pull position to measure the specimen pull-rod displacement.
This measurement is continuous for the total rod move