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ELEVATED TEMPERATURE EXTENSOMETER
FOR THE REMOTE TENSILE TESTING
OF IRRADIATED SPEICMENS

INTRODUCTION

This paper describes adaptations made to a commercial tension
extensometer to provide a means of accurately measuring strain to 500 °C
by remote manipulation in radiometallurgy shielding facilities. Other
components used in conjunction with the extensometer are also described.

Accurate strain measurements are required for most mechanical
properties studies of metallic materials. A number of commercial exten-
someters are available for measuring strain under routine testing conditions.
However, when strain measurements at elevated temperatures or in
radiation-shielded facilities are required, many standard commercial sys-
tems are either ineffective or inaccurate. Consequently, it has been diffi-
cult to resolve some important effects of reactor environments and test
temperature on tensile ductility parameters.

SUMMARY

A standard commercial extensometer has been modified to provide
direct strain measurements in various elevated-temperature environments
with the accuracy o ASTM class B-1 standards and the simplicity of the
parent model. This modified extensometer has been successfully employed
with a remotized Instron machine in conducting several hundred tests o
irradiated metals, alloys, and composite structures at temperatures to
500 °C.

DISCUSSION

The objective of thiswork was todevelop a remotely operable exten-
someter for use at elevated temperatures with Instron* tensile machines.

* Instron Engineering Corporation, Canton, Mass.
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These machines are used extensively at Pacific Northwest Laboratory for
testing both irradiated specimens in radiometallurgy cells and unirradiated
control specimens.

Although the Instron can provide autographic stress-strain data by a
number o means, the signal from. a Weidemann* extensometer iS most
widely used to drive the Y-axis of an X-Y recorder. The extensometer uses
alinear variable differential transformer (LVDT) as a sensing unit and is
coupled to a null balance circuit in the Instron control unit. An advantage
o this extensometer is its ability to maintain a high degree o accuracy
over long periods o use. Therefore, it was decided to use a Weidemann
PS3M (averaging, separable) extensometer as a base unit for modification.
Descriptions o extensometer modifications and supporting fixtures are given
below.

Transformer

The first step in the development was to achieve a thermally stable
LVDT. Two electrically matching units are required in the null balance
circuit: (1) the signal producing unit, and (2) the error balancing unit,
Originally the units were purchased commercially, but are now handcrafted
at a substantial cost savings.

A high temperature, nickel clad silver, magnet wire, which is insu-
lated with a silicone ceramic compound, is wound onto a machined Lavite
bobbin (body). The pigtails o the magnet wire are fused to the lead-in
cable, and each bobbin coil and its junctions are then bound with fiberglass.
tape, The completed coil assembly isfitted into a ferromagnetic
case, which is in turn attached to the extensometer frame. Finally, the
lead-in cable is insulated with fiberglass and clad with woven, flexible,
stainless steel wrapping. Outer protection of the cable is required to mini-
mize both abrasion of charred insulation and mechanical wear resulting from
rough handling in remote facilities.

# Weidemann Machine Company (formerly Baldwin-Lima-Hamilton),
King d Prussia, Pa.
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Extensometer Frame

Modifications to the extensometer frame consisted o replacing
construction materials of key components in order to enable them to with-
stand elevated temperatures. These modifications are listed below.
(Nomenclature for the components is given in Figure 1.)

Since the original aluminum structural components bend under
stresses applied by the gage screws at elevated temperatures, new com-
ponents were machined from Ti—6 Al—4 V alloy to obtain higher creep
strength. Thelife of the gage screw points normally made o steel was
extended by fabricating them out o titanium carbide which has a higher
cold and hot hardness than steel. The angle of the gage screw point was
changed to 75° to facilitate penetration. Additional penetration is usually
required to prevent unseating o the extensometer by differential thermal
expansion during heating to test temperature. The amount of penetration
must be carefully controlled, however, so that resulting stress raisers
will not influence the test.

Elgiloy* was employed for the spring, which motivates the LVDT
core, in order to provide a useful spring constant at 500 °C. The phenolic
core spacer was replaced with 304 L SS, carefully machined to avoid mar-
tensite formation. Ferromagnetic materials, which alter the transformer
coupling and the resulting magnification ratio and linearity, must be kept
away from the magnetic field near the core.

The polished face on the core assembly was replaced with lapped
and polished TiC. This prevents the brass follower on the bell crank from
sticking or welding to the TiC face and allows free motion o the bell crank
throughout its arc. A new bell crank was machined from Ti—6 Al4 V
alloy for its higher, elevated-temperature creep strength. Finally, cap-
screw socket heads were silver brazed to the gage screw heads on one
side of the extensometer to permit remote operation with jig-mounted
allen wrenches.

Heat-resistant spring alloy manufactured by Elgin National Watch
Company, Elgin, Illinois.
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FIGURE 1

0 to 500 °C Extensometer and Associated Parts
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Calibrating Apparatus

A Boeckeler, * nonrotating spindle, micrometer head (Figure?2) is
attached to a rod passing through a tube assembly, which in turn protrudes
into the environmental furnace. Here the extensometer is attached and
calibrated at the specific test temperature. A cooling jacket prevents
heating of the micrometer thread.

Mounting Jig

The mounting jig (Figure 3) serves several purposes:

® |t automatically establishes the gage length d the extensometer
(1.000 in. was selected).

® |t holds the specimen so that the gage screws can be attached along
the central axis of the specimen and on the gage portion o the
reduced section.

® |t serves as a hold-down fixture for remotely conducting the neces-
sary attachment manipulations.

Environmental Furnace

The furnace used to provide heat for the test chamber employs a
balanced motor and fan assembly which effectively eliminates thermal
gradients along the specimen length. This apparatus is shown in Figure 4.
Heat is provided by a pair o 115 V tubular-sheathed elements. Thefur-
nace shell and fan are constructed o 300 series stainless steel to facilitate
decontamination. Temperature control is provided by a current adjusting,
three mode controller.

Calibration, Operation, and Maintenance

Calibration is accomplished by attaching an extensometer to the
oven-mounted calibration apparatus so that the extensometer is translated
by turning the Boeckeler screw.

* Precision Micrometer manufactured by Arizona Tool and Die Company,
Tucson, Arizona.
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FIGURE 2

Calibration Apparatus
(The Boeckeler nonrotating spindle micrometer head
is attached to a rod passing through atube, whichin
turn protrudes into the environmental oven. )
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FIGURE 3

Extensometer Mounting Jig
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FIGURE 4

Environmental Furnace and Calibration Arrangement
(Note the cooling jacket for the micrometer head)
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The calibrating procedures used are those outlined in the Instron
operating manual. To obtain 1000X magnification on the recorder, the
amplifier is adjusted to give 10. 0in. of chart motion for 0. 0100 in. o
motion from the Boeckeler screw. Linearity is measured by driving the
extensometer in 0.001 in. increments over its normally used range. This
is repeated several times to minimize errors. A typical calibrating rec-
ordisillustrated in Figure5. Once the extensometer has been calibrated
at the selected testing temperature, periodic verification d the magnifica-
tion ratio and linearity is made.

Remote operation requires the use o the jig illustrated in Figure 3.
An irradiated specimen is first placed in the central slot o the jig. After
verifying the specimen alignment, the extensometer is placed in the jig
with the gage screws loosened. The gage points ar e then tightened against
the specimen with allen wrenches. Finally, the extensometer-specimen
assembly is removed from the jig and mounted in the tensile grips, as
shown in Figure 6. The furnace is then heated to test temperature and the
test begun.

After the test specimen has yielded plastically, the extensometer
signal is switched off, and the remainder of the load-extension curve is
obtained by timed chart travel. The extensometer is designed to separate
at or near fracture. After completion o the test, the gage screws are
retracted, the extensometer removed, the broken specimen pieces removed
from the grips, and the extensometer reassembled for the next test,

The stress-strain curves in Figure 7 illustrate the differences in
apparent strain as exhibited by two strain measuring methods: (1) use o
the extensometer past the yield point and then use o crosshead travel to
fracture, and (2) crosshead travel only. Both tests were performed on
316-L SS which was cold-worked 25% by rolling. Specimens having a gage
length of 2.125 in, were machined from the rolled plate with the specimen
axis transverse to the rolling direction. The tests were conducted at 500 °C
at a crosshead speed of 0.005 in. /min.
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)} 1. Method of Calibration
Extensometer Comparator

2. Source of Calibration Apparatus
Boeckeler Nonrotating Spindle Micrometer
Head
Arizona Tool & Die Co.

3. Verification of Calibration Apparatus
as Specified by Manufacture

4. Errors of Calibration Apparatus

Maximum Error at Any Setting Within
+ 0. 000015 in. /in. of Travel

5. ldentification of Extensometer BNW-0-500C

6. Gage Length of Extensometer - 1.0in.

.

7. Position of Extensometer During Calibration
Attached to 0.375 diam Spindles with
Axis Vertical

10. 00

8. Temperature of Extensometer During
Calibration - 500 °C +1 °C

9. Method of Attachment to Calibration

Apparatus by Four Pointed Gage Screws

10. Record of Reading as per Graph

11. Calibration Factor - 0.001

12. Error of Extensometer for Each Reading as

Measured on Graph - Maximum Error

0.000080 in.

13. Class of Extensometer - B-1

14. Date of Calibration - July 7, 1965

FIGURE 5

Typical Calibration Record
and Classification of Extensometer
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FIGURE 6

Placement of Specimen and Extensometer
into Test Position with Manipulators
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FIGURE 7

Stress Strain Curves lllustrating the Difference in Apparent Strain
As Measured by Extensometer and by Crosshead Travel
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Referring to Figure 7, theuse of crosshead travel as a measure
o specimen extension results in considerable errors in property measure-
ments due to elastic takeup in theload train. Whereas the modulus of
elasticity measured with the extensometer agrees with published values,
the modulus determined by crosshead motion is low by afactor of 8. This
deficiency also causes sizable errors in values of yield strength and uni-
form strain derived from the stress-strain curve.

Frequent maintenance o the elevated-temperature extensometers
is required due to seizing, galling, oxidation, mechanical wear, and
dimensional changes with increasing temperature. Alcohol dag is applied
as a lubricant to all sliding parts and to the gage screw threads every few
tests. Taps and dies are used periodically to chase the threads of the gage
screws and bushings, thereby extending their life. There is no substitute
for care, since these instruments become hypersensitive to any type of
abuse at elevated temperatures.
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