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LEVEL TRANSDUCERS FOR LIQUID METALS

R. G. Affel G. H. Burger R. E. Pidgeon

ABSTRACT

Twenty-two resistance-type, continuously sensing level transducers for use in NaK (56%

sodium, 44% potassium) pumps were constructed according to a reasonably simple design that

led to high reliability. Brown Electronik recorders were slightly modified for use with the trans

ducers, and the performance of recorders having 4/~- and 12-sec balance speeds was very good.
A simple calibrator was used.

In a testing apparatus the results were: total range, 8/. in.; linear range, 7 /, in.; linearity,

A%i 2% zero-level shift and ~0.4% maximum-level shift over a NaK temperature range of 300 to

1400°F, temperature error less than 1.5% over the range 800 to 1400°F, using the 1200°F cali
bration curve; system resolution, better than 0.030 in.; reproducibility, better than 1% in the test

rig and 3% assumed for operation in other systems; wetting errors, negligible for NaK temperatures

above 600°F, variable when first exposed to NaK below 400°F; expected life, good, 16 ORNL-made
transducers operated in NaK with no failures, six (three purchased from G.E.) operated >3000hr,

1 9 of 20 operated satisfactorily up to 1400 F, two operated for 21,702 hr, four others operated for

19,300, 18,952, 7800, and 9672 hr, respectively, two failed because of defective welds, another

was removed after 8928 hr because of a flange leak.

On-off level probes were made but not life-tested. They should be reliable if the center

conductor does not rupture. Circuit readjustment is not necessary over the range 100 to 1400°F.

Of 40 probes, three have failed, one because of improper circuit adjustment and two because of

defective welds; 16 have operated more than 3000 hr up to 1500 r without failure, and the remain

der have operated at all temperatures of interest for various periods without failure.

1. LEVEL-MEASURING SYSTEM FOR NaK PUMPS

1.1 INTRODUCTION

A system was required to accurately measure
the NaK level in the bowl of NaK pumps. Since
there are no known electrical insulators that will

withstand a NaK atmosphere at the required oper
ating temperatures without deterioration, the trans
ducer was required to be of all-welded construction,
that is, constructed and installed so that only
metal surfaces were exposed to NaK or NaK
vapors, and to have a leak rate less than 10-8 or
10 standard cc/sec.

The required operating specifications are given
below:

1. temperature - 1300°F normal, 1400°F maximum,
1000°F minimum,

2. accuracy - ±5%,
3. pressure — 10 psig normal, 220 psig maximum,
4. level range —0 to 8k in.,
5. NaK surface - calm to slightly turbulent,

6. reliability —minimum of 3000 hr of proved reli
ability at normal operating conditions.

Five resistance-type level transducers, J-tubes,
designed to meet the above specifications were
purchased from the General Electric Company
(G-E catalog No. 172D717G1). Figure 1 shows this
level-sensing probe. These units were installed
in three NaK pumps and in a level-test apparatus.
On the basis of preliminary tests, it was decided
to use a modified version of this type of transducer
for all continuous-level applications in sodium
or NaK.

Approximately 42 of these level probes were re
quired, including those necessary for operation in
the pumps, for testing, and for spares. The units
were made at the ORNL shops, using a modified
and improved design of the sensing probe purchased
from G.E.; Fig. 2 shows one of the level-sensing
probes built at ORNL. Twenty-two were completed
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ASSEMBLY NOTES:

1. WELD WIRES A AND B TO PC 5

2. WELD PC 5 TO PC 9

3. PACK PC 9 WITH DRY MgO
4. BAKE ASSEMBLY TO DRY MgO
5. WELD WIRES C AND D TO PC (0

6. WELD PC 10 TO PC 9

7. PACK PC 10 WITH DRY MgO
8. BAKE ASSEMBLY

9. WELD PC 8 TO PC 10

10. PACK PC 8 WITH DRY MgO
11. BAKE ASSEMBLY

12. SEAL OPEN END OF PC 8 TO KEEP MgO DRY
13. SUITABLE SEAL: COPPER-TECK G CEMENT

ALL DIMENSIONS ARE IN INCHES

Fig. 4. Assembly Drawing for Level Transducer.

test system for 3730 hr. It appeared that during
thermal cycling, Lavite (ALSiO.) particles had
broken from the solid Lavite and had settled be

tween the solid spacers and the Inconel pipe wall,
causing the spacer to exert a force on the pipe
when it cooled and contracted. Repeated thermal
cycling caused additional cracking and settling
of the hard Lavite and eventually caused bulging
and cracking of the pipe wall due to this "ratchet
ing" effect. For this reason, solid beads or other
insulation forms of this material were avoided in

the construction of the level probes at ORNL.
Figure 6 is a photograph of an ORNL level trans
ducer after 3150 hr of operation in the level-test
equipment.

Since the transformer feeding power to the trans
ducer could be mounted remotely only, a small
terminal box for electrical connections to the

transducer was required (see Fig. 2). The terminal
block is rated at 475°F, and Teflon-insulated wire

rated at 460°F was specified for the power and
signal leads to the transducer. These temperature
ratings were accepted, based on a temperature of
300°F in a typical installation in a pump (for a
NaK temperature of 1200°F), measured just below
the terminal box on the pipe supporting the terminal
box.

1.4 FABRICATION OF TRANSDUCER

The fabrication of the level transducer was done

in the Central Machine Shop at ORNL. All material
which would be in contact with NaK was inspected
by visual, dye-check, x-ray, and ultrasonic methods.
All MgO used in the assembly was of high purity
and within standards established by ORNL Speci
fication 7444-1, which is included in the Appendix
along with other specifications and a complete
list of drawing references. The transducers were
fabricated according to detail drawing Q-1716-135
(not included in this report) and assembly drawing
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Fig. 8. Interconnection Diagram for Level Transducer and Foxboro Recorder.

For proper operation, the grounding of the recorder
input must be as shown in Fig. 8. The Foxboro
recorder null-balances the measured voltage with
a variable a-c voltage obtained from the a-c power
source. The transducer and the recorder are fed

from the same power source, and, therefore, the
level reading is independent of line voltage. The
level reading is, however, dependent on the voltage
regulation of the transformer feeding the level
transducer. If desired, the balance voltage could
be derived from the input voltage to the level
transducer, thereby making the indicated level
reading independent of the input voltage to the
transducer. This principle was used in the modifi
cation of the Brown Electronik potentiometer dis
cussed in the following paragraph. By making the
recorder reading independent of input voltage to
the level transducer, the transducer did not have
to be calibrated for a particular input voltage, a
decided advantage when using a large number of

level elements. Transformer regulation and lead
length were not critical, either.

The changes made to the Brown Electronik poten
tiometer are shown in Fig. 9. This type of appli
cation is discussed in the Minneapolis-Honeywell
technical bulletin B15-13. The modification con

sists essentially in feeding the bridge circuit with
a 60-cycle a-c voltage and feeding the error (input)
voltage directly to the amplifier input transformer.
The automatic standardizing mechanism is disabled,
and all damping or bypass capacitors in the bridge
circuit are removed. The bridge circuit is then
grounded at the transducer only. Transformer T2
shown in Fig. 9 is used to remove the ground from
the bridge excitation. The span of the recorder
can be changed by:

1. the normal method used for a d-c recorder

(changing the bridge range resistors or ad
justing the span slide wire),
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2. changing the bridge excitation voltage (T2
secondary voltage), or

3. adjusting the "battery" potentiometer Rbaf in
the bridge circuit.

The third method is used for small changes in
span. Note also that the slide-wire connections
are reversed to give an upscale reading for the
maximum level (maximum level is indicated by the
minimum voltage from the level transducer).

Three factors in the above modification of the
recorder could lower the performance over that of
the unmodified d-c recorder.

1. Any phase shift in the bridge circuit will add
to the null or error voltage, decreasing the
resolution of the system.

2. The damping capacitors used in the bridge
circuit must be removed, thus removing the
damping of the servo.

3. Hum pickup interferes with the operation of the
recorder.

A slight quadrature voltage was observed by
looking at the error voltage at the secondary of
the input transformer. The quadrature voltage was
reduced almost to zero by a 0.25-fif capacitor
across the bridge excitation terminals and a
0.015-/xf capacitor across R in the bridge circuit
(Fig. 9). However, the phase shift in the bridge
circuit was small enough so that the performance
appeared to be the same with or without the
phase-shift correction; therefore these capacitors
are not normally used.

With the damping network in the bridge circuit
removed, there is a decrease in the performance
of the recorders having a high pen speed. The pen
speed is defined as the time required for full-scale
travel of the pen and indicator. For the 1-sec-
speed recorders tested, the feedback network of
Fig. 9 in the Minneapolis-Honeywell bulletin
B15-13 was added to provide damping. Even so,
the transient response was poor (excessive over
shoot, with a tendency for large-amplitude oscil
lation), and the dead zone was high, up to \% of
the span. Damping is not required for recorders
using a 12-sec (or longer) balance-speed motor,
and, for that reason, these recorders are preferred
for this a-c application. The 12-sec recorder tested
had about the same performance as that of a similar
unmodified recorder. The 4k-sec recorders tested
had good transient response and a dead zone of
less than 0.2% of the span.

10

Because of the low impedances of the transducer
and bridge circuit, these circuits are relatively
insensitive to hum pickup or interference. The
recorder was checked for hum by turning off the
excitation to the bridge and transducer and ob
serving that the recorder reading did not drift.
This indicated that the 60-cycle pickup was less
than the equivalent dead-zone voltage (hum less
than 0.2% of the span, or 90 jxv).

The United Transformer Company UTC A-20
transformer used in the recorder modification is
unsatisfactory because changes in ambient temper
ature result in changes in the secondary voltage.
Calculations show that the poor temperature regu
lation is due to changes in primary and secondary
winding resistance. A rough check showed that
the secondary voltage decreased about 0.4% for
a 10°F change in ambient temperature. To over
come this effect expediently, the transformers
were installed in a small, temperature-regulated
oven, thereby eliminating the drift in the recorder
calibration. A United Transformer Company UTC
type LS-30 transformer appears to be suitable as
a replacement for the above transformer, although
this unit was not tested.

To check the operation and to calibrate the
recorder, a millivolt a-c signal is derived from a
0.1% linear Helipot and is connected to the recorder
input by plugging the calibrator (voltage divider)
into the jacks Jl and J2 (see Fig. 9). The recorder
reading is then compared with the Helipot dial
reading. Use of the calibrator is explained in
Sec 1.6.

An L & N Speedomax H recorder was modified
in a manner similar to that for the Brown Electronik
recorder previously discussed. The result was
somewhat inferior to that of the 4k- or 12-sec
Brown recorders because of insufficient damping
of the servo and excessive phase shift in the
bridge circuit.

A d-c system could be used (and might be advan
tageous when using level transducers that draw a
lower current) by employing a rectifier to feed the
transducer and bridge circuit of a slightly modified
d-c recorder. The method shown in Fig. 10 would
make the recorder reading independent of input
voltage to the transducer.

1.6 RECORDER CALIBRATION

To check the performance of and to calibrate the
recorder, a calibrator was constructed, the circuit
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of which is shown in Fig. 9. The calibrator,
which consists of a voltage divider and a ten-turn
Helipot, is plugged into jacks Jl and J2 in the
recorder. Plugging in the calibrator (voltage
divider) connects the input voltage of the trans
ducer to the calibrator divider and substitutes to

the recorder input the output voltage of the cali
brator for the output voltage of the transducer.

The output of the calibrator was measured to
determine the relationship of Helipot dial reading
and output voltage for an input to the calibrator
of 3.0 v. For example, for an input of 3.0 v the
calibrator had an output of 51.33 mv for a Helipot
dial reading of 10.00 (ten turns). By plugging the
calibrator into the recorder jacks, the recorder
reading can be obtained in terms of a-c millivolts,
for an input of 3.0 v.

When each level transducer was installed in the

test apparatus, the recorder span was set to give
an arbitrary reading of ten scale divisions when
the liquid level was below the transducer. An
up-scale reading was chosen for the zero level so
that the zero shift could be observed. The trans

ducer calibration curve was obtained by measuring
and plotting the recorder readings vs the known
dial reading or a-c millivolts, as explained in the
previous paragraph. In setting up a recorder for a
transducer that has been calibrated, it is necessary
to duplicate the recorder readings vs the calibrator
dial readings previously measured by adjusting

the recorder span ("battery" potentiometer) and
making the normal zero adjustments. The same
calibration curve (recorder reading vs liquid level)
will then result.

Although the calibration was discussed for an
input of 3.0 v to the transducer, the recorder
measures the transducer output/input voltage ratio;
therefore, the 3.0-v reference is arbitrary.

1.7 LEVEL-TEST RIG

The rig consists of two NaK-fi Iled type 316
stainless steel tanks mounted on opposite ends
of a pivoted frame, with fluid and gas equalizer
lines connecting the tanks. The tanks are rocked
up and down by an electric motor driving a vari
able-speed transmission linked to the rocking
frame, giving a change in NaK level in each tank
of up to 10 in. Figure 11 illustrates the level-test
rig, and Fig. 12 is a photograph of the test appa
ratus. Figure 13 is a photograph of the rig showing
the top of one of the tanks. In each tank are
mounted two level transducers, four per rig; two
such rigs were built. Each level transducer is
connected to an individual Brown Electronik re

corder modified as discussed previously.
In view of the large number of transducers that

had to be tested, it was decided to have the trans
ducers flanged into the tank by using an 0-ring
type of seal instead of welding the transducers to
the tank. The transducers can be seen clamped
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to the tank in Fig. 13. The O-ring seals the
mounting flange of the transducer to the top of the
tank. The rings initially used were made of copper
and annealed dead soft, but they leaked vapor,
resulting in corrosion of the transducers and the
ring seals by NaK vapor. Seals were then made
of nickel stock having a triangular cross section.
They appeared to work well; even though a small
helium leak could be detected, the leak rate was
small enough for the intended use of the seals in
this system. Thin-wall, pressurized O-rings were
to be tried, but the rings of this type which were
procured were not the correct size.

The NaK level is measured in each pot by using
an adjustable or movable probe consisting of a
/^2-in.-dia Inconel rod inserted through a Conax
(packing gland type) fitting shown in Fig. 13. The
Inconel rod is moved through the Conax insulating
gland, and contact of the rod with the NaK surface
is indicated by a light connected in a circuit
which is in series with the rod and tank walls.

In measuring the level, the probe is lowered and
the position of the probe is read on a fixed scale
when the light comes on. This variable probe is
the standard for measuring the NaK level during
the testing and calibrating of the transducers; the
probe and its associated equipment can be seen
in Fig. 13. Various materials for the insulating
sealants of the Conax fitting were tried. Magnesium
silicate, magnesium oxide, and aluminum oxide
powder (with molybdenum disulfide for lubrication)
were tried unsuccessfully; Teflon was tried with
some success. To remedy previous troubles en
countered with this movable probe, the Conax
fitting was welded to the top of a 12-in. length
of 7>in. pipe. By mounting the Conax fitting 12 in.
above the tank and by maintaining the Conax fitting
at a low temperature, trouble-free operation was
obtained because NaK could not be wiped onto the
Teflon gland.

1.8 TEST PROCEDURE

The reference from which the NaK level is meas

ured is the lowest point on the transducer (J-tube).
The scale reading of the variable probe which
corresponds to the lowest point on each J-tube is
called the zero-level reading for that tube. The
zero-level reading is determined in the following
manner (see Fig. 9 for circuitry):

1. The input current lead to terminal D of the
transducer is grounded by a jumper to the frame
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of the test rig. This connects the J-tube as an
on-off probe, discussed in Sec 3.

2. Voltage is measured from terminal C on the
transducer to ground and is approximately 70 mv
when NaK is below the J-tube and drops to
approximately zero when NaK touches the
J-tube.

3. Starting with the NaK below the J-tube, the
NaK level is raised very slowly, and the scale
reading for the movable probe is noted when
NaK just touches the J-tube, as indicated by
the light. This reading is the zero-level scale
reading.

This zero-level scale reading can be repeated
with an error of about ±0.010 in. and is substan

tially independent of NaK temperature. Zero-level
readings taken for four J-tubes at NaK temper
atures of 200, 300, 600, 1000, and 1200°F varied
less than 0.020 in. for each tube except for the
readings at 200°F, which varied up to 0.060 in.
Therefore the bottom of the J-tube is considered

as the reference point regardless of operating
temperatures.

The calibration curves shown in Figs. 18 and 19
were plotted as recorder readings vs NaK level,
where the NaK level is, by definition, the scale
reading of the movable probe minus the zero-level
reading. The NaK level is therefore measured in
inches from the bottom of the J-tube. The cali

bration procedure is to vary the NaK level (at a
constant NaK temperature) in about 18 steps over
the entire level range from the minimum to the
maximum and back to the minimum level. The data

provide a calibration curve for that temperature.
A family of calibration curves then is obtained for
different NaK temperatures. For the systems in the
test apparatus, each recorder was initially set,
upon installation of the transducer, to give an
arbitrary minimum recorder reading of about 10
scale divisions. The recorder readings therefore
vary from a zero of about 10 scale divisions to
100 scale divisions full scale. The calibration

of the recorder is discussed in Sec 1.6.

1.9 TEST RESULTS

In analyzing the test results for the transducers,
reference is made to the equivalent circuit of the
transducer (Fig. 3) and the equation for this
circuit. As stated earlier, the input current leads
are of J^-in.-dia Inconel wire, the output voltage
leads are of k-in.-dia Inconel wire, and the body



is of \-'m. sched-40 Inconel pipe. In the equiva
lent circuit the current leads are shown as R and

R_. The current wires are compensating resistances
and therefore are made of the same material as the

sensing tube. The resistance of the sensing tube
is designated R}. Since the electrical conductivity
of NaK is high, it is assumed here that the effec
tive resistance of that part of the sensing tube
below the NaK surface is zero. The output
voltage is then given by the equation

E . = E.
out in R1+R2 + R3

and is approximately equal to

E „ ~ E
out = in R2+R3

(1)

(2)

since R. « R_ + R.. Typical measured values
(at 1200°F operating temperature) are:

E.
in

2.7 v

in
17.5 amp

E .(zero
out*

level) 36.8 mv

R^ 2.1 milliohms

R2 +R3 152 milliohms

The approximation given by Eq. (2) shows that
the output voltage is a linear function of the height
of the sensing tube above the NaK surface (assuming
perfect shorting of the sensing leg by NaK and
neglecting end effects). The linearity and temper
ature effects are discussed below, using Eqs. (1)
and (2).

1.9.1 Linearity

The calibration curve of output voltage vs NaK
level is slightly nonlinear because the total input
resistance (R1 + R + R3) changes slightly with
NaK level. For the typical values just given, the
input resistance changes from 152 to 154 milliohms
over the total range in level, or a change of 1.3%.
If the curve of output vs NaK level is a straight-
line approximation connecting the ends of the
curve, then the maximum deviation appears as
0.333%. The output curve is therefore said to be
linear, although a small curvature can be seen in
the calibration curve shown on Fig. 14. The
linear range of the transducer is 1 /. in., with a
total range of 8k in.

1.9.2 End Effects Due to Terminations of

Current and Voltage Wires

The end effect at the zero-level end is dependent
in part on the location of the welds for the current
and voltage wires. Three different locations were
tried, and the calibration results are shown in
Figs. 14-16. Figure 14 indicates the results of
the accepted method. In this method the current
and voltage leads are attached by separate (but
adjacent) welds to reduce the output voltage that
remains when the sensing tube is completely
shorted by NaK on the outside surface. Figure 15
shows a discontinuity when the NaK just touches
the bottom horizontal section of the J-tube. In
Fig. 16 the decrease in indicated level when NaK
touches the bottom of the transducer is caused by
the redistribution of current in the bottom section
of the J-tube when NaK just touches that section.

1.9.3 Temperature Effects

The resulting change in the calibration curve of
output voltage vs level as a function of operating
temperature is considered from three aspects: (1) a
change in the zero-level reading, (2) a change in
maximum-level reading, and (3) thermal expansion
of the equipment. Since the transducer has its
maximum output for NaK levels below the probe,
the change in the zero-level reading is similar to
a change in the calibration span. Equations (1)
and (2) show that if the sensing tube and current
leads are at the same temperature, and if R , R ,
and R have the same temperature coefficient or
resistivity, the output voltage is independent of
operating temperature. Ideally, when the temper
ature changes, the numerator and the denominator
of Eq. (1) change by the same factor, resulting in
the output voltage being invariant with temperature.
In reality, a small temperature error does exist
because all parts of the transducer are not at the
same temperature, and the temperature coefficient
of resistivity of the Inconel wire and Inconel pipe
may not be the same. Figure 17 shows how the
zero-level reading varies with temperature for a
typical transducer. This zero-level reading was
taken while the NaK level was cycling from below
the transducer to above the sensing tube, and the
data are shown for three temperature cycles. This
change in zero-level reading is caused by, at least
in part, the Inconel current wires in the top section
of the transducer operating at a lower temperature
than that of the NaK or the sensing tube. As the

15
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NaK temperature increases to 900°F, the resistance
of the current (compensating) wires increases
slower than the sensing tube resistance (since
part of the current wire is at a lower temperature
than that of the sensing tube) and therefore the
output voltage increases. A curve showing the
resistivity of Inconel as a function of temperature
is given in Fig. 34.

The curve of Fig. 17 is typical for the trans
ducers clamped to the NaK tank in the test rig
and shows a change in zero-level reading of about
2% of span. The same test was conducted on a
transducer purchased from G.E. which was welded
onto a 2/,-in.-high pipe on the top of the NaK
test tank. In this case the zero-level shift was

about 3%. The greater zero shift in the latter case
is attributed to the lower operating temperature at
the top of the transducer.

Figure 17 also shows the change in the recorder
reading with temperature when the sensing tube is
completely submerged in NaK. The reading changes

16

from about 98.5 to 98.1 scale divisions. This

reading is slightly lower at the higher NaK temper
atures because of the increase in resistivity of
NaK with temperature and because NaK does not
completely short the sensing tube. This change in
the maximum-level reading is about 0.4% of the
level range. A curve showing the resistivity of
NaK as a function of temperature is given in
Fig. 33.

Figure 18 shows the calibration curves for
temperatures of 300, 600, 900, and 1200°F. It can
be seen that the zero-level readings shift, as
explained earlier. Upon examination of these and
similar curves it is seen that the indicated level

near the top of the transducer reads lower than
would be expected for the higher NaK temperatures,
even considering the 0.4% decrease in the maxi
mum-level reading. The recorder reading for a
level of 8.0 in., for example, varies from 98.2
scale divisions at 300°F to 96.5 at 1200°F. The
reason for a change of this magnitude is not known,
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although differential expansion between the trans
ducer and the movable reference-level probe may
be a factor, as well as the increased amount of
NaK vapor at the higher temperatures.

Figure 19 shows indicated level points plotted
for NaK temperatures of 800, 900, 1000, 1100,
1200, and 1400°F. The straight line drawn is the
1200°F calibration curve. This figure shows the
error that can be expected if the level is measured
for NaK temperatures between 800 and 1400°F by
means of the 1200°F calibration curve. The maxi

mum deviation for these data is less than 1.5%

of the level range.

1.9.4 Resolution

Figure 20 shows the attainable resolution of the
system. These data were taken for NaK levels
between 2.90 and 4.43 in. on the transducer, using
the normal calibration procedure and equipment.
One scale division on the recorder represents 1.1%

of the level range. This figure shows that the
measuring system can be quite accurate, with very
good resolution.

1.9.5 Drift in Indicated Level

It was observed that if the transducer was first

submerged and the NaK level was then dropped
below the transducer, the indicated level would
drift to a lower reading after the NaK level
dropped. The indicated level would drift 0.2% in
some cases, to a maximum of 1% in other cases,
within 10 to 20 min. This is assumed to be

caused by NaK draining off the transducer; no
other film effect was observed.

1.9.6 Reproducibility

Recorder readings taken for the calibration
tests were reproducible to within ±1% of the
level range. The minimum level readings (max
imum output voltage of the transducer) were

17
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reproducible to within ±1% of level range over
the entire duration of the tests, up to 3500 hr.

1.9.7 Accuracy

The accuracy of the calibration tests (apart
from transducer errors) is dependent on the accu
racy of the NaK-level standard and the accuracy
and stability of the level recorder. The NaK
level with reference to the bottom of the trans

ducer could be measured with an accuracy within
0.030 in., using the movable probe, over the

temperature range 300 to 1400°F. There was nc
apparent drift in the recorder calibration. In the
calibration tests, the indicated level deviated
less than 1% of full scale from the calibration
curves. The over-all accuracy of the calibration
test is therefore ±1% or less of full scale. The
accuracy of the transducer when used in a dif
ferent installation will depend on the accuracy
with which dimensions can be measured for the

transducer welded into the system, thermal expan
sion of the equipment, temperature distribution
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of the level range. Zero-level reading was 1.0 in.

of the transducer relative to that of the transducer

when calibrated in the test rig, and the accuracy
of calibrating the recorder. Also, it is assumed
that in practice one calibration curve would be
used for the range of temperatures encountered,
unless extremely high accuracy were required.

20

Considering these factors, a reasonable expected
accuracy would be better than ±3% of full scale.

1.9.8 Wetting Tests

Tests were conducted to determine the error

due to a nonwetted probe. Before the transducer
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is wetted there is contact resistance between the

surface of the Inconel and NaK due to an oxide

film on the Inconel, resulting in the indicated
level being lower than normal. Wetting is a func
tion of NaK temperature, immersion time, clean
ness of the Inconel, and degree of contamination
of the NaK. The results previously given apply
for a wetted transducer only.

A wetting test consisted in raising the NaK to
about 4 in. on a new level transducer and then

recording the output voltage vs time with the NaK
at constant level and temperature. Other large
level changes were made, and then a calibration
run was made (approximately 18 points, with level
increasing and decreasing) after the probe had
been completely immersed. The probe was then
heated to 1200°F to ensure complete wetting,
and then the correct calibration curve was

obtained for the temperature of the wetting test.
The calibration curve of the wetted probe was
then used to get the wetting error.

Figure 21 shows the error for the initial change
in NaK level from below the probe to approxi
mately 4 in. on the level probe. Curves 1, 2, 3,
and 5 are for new probes which were cleaned
with emery cloth and rinsed with alcohol just
prior to their installation. The transducers of
curves 4 and 6 had seen NaK service previously
but had been removed from the system for 1 and
7 weeks, respectively. Curves 4, 5, and 6 were
taken during filling of the test rigs. In curves 4,
5, and 6 the temperature rise shown is a result
of the heat applied to the system by the trans
ducers. With no other heat applied, the trans
ducers themselves will bring the NaK temperature
in the test rig to 200°F. A calibration run was
made on each of the transducers of Fig. 21 after
the transducers had been completely immersed.
All points for this calibration test of the non-
wetted probe were within the error limits shown

in Table 1. Calibration runs were made at 600°F
on several nonwetted transducers, with the max
imum error as small as 0.050 in., in some cases,
and as high as 0.25 in. in others. The discrepancy
seemed to depend in part on the procedure and
the elapsed time since the probe had been sub
merged prior to the calibration run. In other
tests there was erratic behavior of the nonwetted

probe which is believed to have been caused by
an oxide scum on the NaK during the wetting
tests.

1.9.9 Life History

These level transducers have operated in the
test apparatus and in NaK pumps in the pump
hot-test loops. Table 2 is a summary, as of
December 15, 1957, for all level transducers
tested.

The G-E transducer that failed at 20 hr did so

as result of a NaK leak in a weld in the bottom

section of the transducer. This transducer did

not pass the ORNL weld inspections but was
tested nevertheless. The one that failed at 30 hr

had an internal short; this failure is discussed
in Sec 1.3.

During the life-test program, the NaK tempera
ture remained at 1200°F, and the level was con
tinually cycled over the entire level range at a
rate of 15 to 30 cycles/hr. The two transducers
(see Table 2) with 3480 hr in the test rig had
accumulated 40,000 level cycles at that time.
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Table 1. Error Limits for the Six Transducers Shown in Fig. 21

Transducer

Identification

and Curve No.

NaK

Temperature

<°F)

Error Limits

(in.)

Error in

Level Range

(%)
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Curve 1

Curve 2

Curve 3

Curve 4

Curve 5

Curve 6

400

400

300

180

180

180

0 to -0.09

0 to -0.07

-0.15 to -0.24

-0.35 to -0.56

-0.25 to -0.52

-0.23 to -0.35

0-1.1

0-0.9

1.8-2.9

4.3-6.8

3.0-6.3

2.8-4.3



Table 2. Operating Summary of Transducers

in Test Rig or Loop*

Operating

Quantity Time

(hr)

Remarks

1 (G.E.) 20 NaK leak failure

1 (G.E.) 30 NaK leak failure

1 (G.E.) 5900 Test loop

1 (G.E.) 3730

1 (G.E.) 3070 Test loop

500 Test rig

3040 Test loop

2 3480

1 500 Test rig

2040 Test loop

2

1

1

2440

2080

1100

1 1500

1 1340

1 1190

1 1120

4 <1220

*Unless otherwise noted, the transducers are the
ORNL type, and operation time is in the level-test rig.
There were no failures except those noted above.

2. LEVEL-TRANSDUCER DESIGN

The design of the resistance-type level trans
ducer depends, of course, upon the specific
application. The mechanical construction and
the electrical performance are determined by the
intended use; there are, however, design consid
erations that will apply in general. This section
discusses some general design considerations
and describes some transducers which were

designed for use in other tanks.
There are different forms of the resistance-

type level transducer. Two forms are considered
here: the J-tube, which is mounted in the top of

the tank, and the straight-tube probe, which should
be mounted only in the bottom of the tank (see
Figs. 22 and 23). For transducers that are welded
into the top of the tank, the J configuration is
used, since this configuration eliminates the
shunting effect of the tank walls. For a straight
probe welded to the top of the tank, the probe is
shunted by the low resistance of the tank wall,
which is in parallel with the probe. This shunt
resistance in parallel with the sensing-tube resist
ance causes the calibration curve to be nonlinear.

In the J configuration, the sensing tube rises

23
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Fig. 22. Level Transducer for Drain Tank.

above the NaK surface; since there is no path in
parallel with the sensing tube, the tank walls do
not shunt the sensing tube. The J-tube is sim
ilar in operation to the straight-tube probe welded
in the bottom of the tank except that the leads for
the J-tube are brought out through the top of the
tank. There is obviously no shunting effect by
the tank walls in the case of the probe welded in
the bottom of the tank.

The straight-tube probe welded in the bottom
of the tank should have very good temperature
compensation since the current (compensating)
wire and the sensing tube will be at a uniform
temperature. This probe would therefore be pre
ferred to the J-tube where very good temperature

24

compensation or higher accuracy is required.
This straight-tube transducer is, of course, easier
to fabricate. The obvious disadvantage of mount
ing the probe through the bottom of the tank is
the greater consequence due to a leak in the
transducer: often the probe would be inaccessible
or difficult to replace if mounted through the
bottom of the tank.

The size of the pipe or tube for the body of the
transducer is selected according to the following
considerations:

1. The body must be structurally strong.
2. The wall should be thin enough to allow nearly

perfect shorting by the liquid metal. It was
shown for the transducer discussed in Sec 1.9.3
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that there was a slight error introduced be
cause the NaK did not completely short the
transducer at the higher NaK temperatures.
The maximum-level reading for this transducer,
which had a sensing-tube wall thickness of
0.091 in., was shown to drop 0.4% for high
NaK temperatures. Therefore, this wall
thickness would be an upper limit for NaK
use, generally speaking.
The ratio of sensing-tube resistance to the
total resistance of the current (compensating)
wires should be low enough to give the desired
linearity. If the sensing-tube resistance is
2% of the current-wire resistance, it can be
shown that the calibration curve will deviate

by 0.5% from a straight line connecting the
ends of the curve.

The resistance of the sensing tube and the
input current determine the transducer output

voltage. A practical minimum limit cannot be
given for the output voltage span, but a 1.0-mv
span can be handled with the Brown Electronik
recorder modified as previously discussed.

5. Possible film effects would be worse for thin-

wall sensing tubes. It should not be necessary
to use tubing having a wall thickness less
than 0.062 in. in order to give sufficient out
put voltage, since even a /»-in. sched-40
Inconel pipe developes 2.6 mv/in. with a
10-amp input current.

The current wire of the transducer has a max

imum diameter determined by item 3, above. In
addition, the current wire should carry the desired
current without excessive temperature rise. If
the transducer contains a tightly packed MgO
powder, the temperature of the current wire will
not be much higher than the transducer body
temperature. The current wires of the transducer
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described in Sec 1.2 had a temperature rise of
less than 50°F over the body temperature when
tested with body temperatures up to 1500°F and
with a current of 18 amp in the Vin. current
wires.

Finally, the input voltage is selected to give
the desired current. The voltage used for the
transducers of Figs. 22 and 24 is 3.0, and 1.0 v
is used for the probe shown in Fig. 23. The
power dissipation of the transducer must also be
considered: for the transducer discussed in

Sec 1.2 is approximately 60 w with an input of

SWAGELOK

BULKHEAD UNIONS

TOP TANK WELDMENT

NOTE:

^6-in.-DIA INCONEL WIRES (FOUR)
PACKED MgO INSULATION

0.5-in.-DIA, 0.065-in.-WALL TUBING

3.0 v. This dissipation is higher than necessary;
it would be better to use 42"'n> current wires,
giving a dissipation of about 34 w.

Mineral-insulated connecting cables can be
used to advantage for radioactive areas or for
high-temperature requirements. Two-conductor
and four-conductor MgO-insulated cables were
ordered under ORNL Specification 4998-23 for
use with these level transducers, and they are
attached to the terminal box on the transducer
through Swagelok fittings.
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5.036 in.

Fig. 24. Level Transducer for Expansion Tank.
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Fig. 29. Operating Principle of On-Off Level Probes.

The probe consists of an Inconel tube (k-in. OD,
0.025-in. wall) with an insulated copper conductor
inside and with the tips of the tube and copper
conductor brazed to an end cap. A 60-cycle cur
rent is applied between the center electrode of
the probe and the tank in which the probe is in
stalled. When the liquid metal touches the probe,
the probe resistance decreases, causing a relay
across the probe to be de-energized. The relay
is energized when the liquid level is below the
probe.

3.2 DESIGN

In designing this on-off probe, it was decided
for simplicity to use a single conductor, insulated
in an Inconel tube. (A two-conductor all-lnconel
probe is described in Sec 3.6.) For this probe,
it is desired to have a high ratio of tube resist
ance to the center conductor resistance while

still maintaining a small cross section for the
Inconel tube in order to keep the tube resistance
high. As a compromise, Inconel tubing of l^-in.
OD and 0.025-in. wall was chosen. A No. 8 AWG

copper wire was chosen as the center conductor

because of its low resistance. This design gives
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a large change in the electrical resistance of the
probe when NaK touches it. For example, a probe
with the tubing extending 10 in. below the probe
fitting has the following resistances, in milliohms,
at low and high temperature:

Temperature 75°F 1400°F

Inconel tube resistance 24.5 25.5

Copper conductor resistance 0.8 3.4

The resistances were measured at room tempera
ture and calculated for 1400°F, based on the
room-temperature measurements.

An a-c circuit was chosen in preference to a
d-c circuit for the following reasons.

1. For a 20-mw d-c relay, the current required
per probe would be approximately 2 to 3 amp. A
d-c supply would be more of a problem if a large
number of these probes were used.

2. The ratio of pull-in to drop-out voltage is
high for most sensitive d-c relays.

3. Thermal emf from the copper-Inconel junction
would be appreciable and would be detrimental
if a very sensitive d-c relay were used.

4. The reliability of very sensitive d-c relays
is questionable.

An a-c relay furnished by the Sigma Instrument
Corporation (series 41, Specification 92038) was
used. This relay has the pull-in and drop-out
voltage nearly the same, about 35 mv. This relay
when de-energized has an impedance of about 19
milliohms and when energized an impedance of
about 31 milliohms. This special relay was
selected for use with level probes between 6 and
14 in. long. For longer or shorter level probes,
different relay characteristics would be more
suitable.

The transformer secondary voltage used for the
probe circuit was 3 v. For an installation of
several probes for one test, it was decided to use
a low-resistance rheostat for each probe for
adjusting the probe current.

3.3 INSTALLATION

These on-off probes have either a 14- or an
18-mm fitting. The units are screwed into the
vessel as a spark plug probe would be, but the
on-off probes can also be welded into the vessel
if an all-welded system is necessary.

The schematic diagram of a typical installation
is shown in Fig. 30. The current-input lead
resistance must be considered, and it is important
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Fig. 30. Schematic Diagram of On-Off Level Probe.
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that the lead resistance for the relay coil be kept
low. With these low-impedance relays it is neces
sary that the relays be mounted close to the
installed probe; it is desirable to mount the
relays within 6 ft of the probes and then to use
No. 10 wire for connection to the relay coil.
When more than one probe is used in an instal
lation, two leads are used for each relay coil
instead of using a common ground. The leads
are fastened to the copper conductor of the probe.
Upon installation of the probe, the probe current
is adjusted, normally at room temperature, for
60 to 65 mv across the relay coil, with the NaK
level below the probe. The relay voltage should
then drop to about 14 mv when NaK touches the
probe. These voltage readings were observed
in actual installations and did not vary appreciably
with temperature. It should not be necessary to
readjust the probe current after the initial adjust
ment; however, the relay voltage should be moni
tored occasionally.

3.4 CONSTRUCTION OF PROBE

The first on-off probes constructed had the tip
of the probe welded shut. It was necessary to
weld a ^-in.-long piece of ^-in.-dia Inconel wire
to the copper wire and then to weld the tip of this
Inconel wire to the tip of the Inconel tube. This
was done because a copper-lnconel weld is sub
ject to corrosion when exposed to NaK. Probes
constructed in this manner failed repeatedly at
the higher operating temperatures; the copper
wire ruptured near the copper-lnconel weld junc
tion. It appeared that a layer of oxide was formed
at the weld interface during welding, resulting
in weakening of the copper wire. It is possible
that the complete cause of the stress failure was
thermal cycling of the probe combined with the
weakened condition of the copper wire. In order
to eliminate these failures, subsequent probes
were made with the tip of the probes furnace-
brazed to a small end cap. These probes have not
yet been tested sufficiently to evaluate their
construction.

All probes were made by using quartz or glass
sleeving, manufactured by the H. I. Thompson Co.,
for insulating the copper wire. Although probes
can be constructed in a simple and reliable manner
by using this quartz or glass sleeving, a better
way for the construction of a large number of
probes would be to use MgO-insulated Inconel
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sheath stock for the probe. This sheath material
was ordered from the Thermo Electric Co. under

ORNL Specification 7444-11. A description of
the material follows:

Center conductor

Sheath outside diameter

Sheath thickness

Insulation

No. 8 AWG copper,
nickel plated

0.225 in.

0.022 to 0.025 in.

MgO, compacted by
swaging the sheath

A detail and assembly drawing of this on-off
probe using this sheath material is shown in
Fig. 31.
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Fig. 31. Assembly Drawing of On-Off Level Probe.

3.5 OPERATING RESULTS

The early models of this on-off probe failed at
the higher operating temperatures for the reason
given above: corrosion of the copper-lnconel
weld. The latest design has not been life tested.
However, 16 probes constructed with the tip
welded shut operated in a critical circuit in two
pump-test loops for approximately 3000 hr without
a probe failure. They were operated with the



NaK temperature generally below 800°F. There
was a failure of the sensing circuit of the probe
in one of the test loops because of improper cir
cuit adjustment. The on-off probe circuit for the
other test loop operated without failure and
required no maintenance or readjustment.

Since this probe requires good electrical contact
to the NaK for its operation, the wetting problem
applies. Several of these probes were initially
used in rigs being filled with NaK below 200°F.
The on-off circuit functioned during this initial
filling, but the exact accuracy of the indicated
level was not known. However, an accurate

indication can be expected during filling of the
rig with cold NaK by observing the probe voltage
with a vacuum-tube voltmeter. A voltage change
will be seen when the probe contacts the cold
NaK.

3.6 ALL-INCONEL ON-OFF PROBE

A probe was considered which would have two
Inconel conductors instead of one copper conduc
tor, as in the probe discussed above, but would
otherwise be similar. This all-lnconel probe is
of interest because of the following advantages
over the on-off probe which is made of copper
and Inconel:

1. It is not known whether the copper-lnconel
probe will be mechanically reliable under all
operating conditions. The all-lnconel probe
appears to be more reliable since the oxidation
problem referred to in Sec 3.4 would be
avoided.

2. The probe circuit previously described requires
that the particular sensing relays used be

mounted close to the probe. These relays
may not be accessible in a radioactive system.

3. The circuit for the copper-lnconel probe re
quires large leads and a relatively high probe
current.

The all-lnconel probe is shown in Fig. 32.

This all-lnconel probe would require a very
sensitive relay or an amplifier driving a relay.
Note that there is no thermal emf; so a sensitive
d-c relay or d-c amplifier could be used. An
Edison sensitive relay was considered. This
probe should have a good output voltage ratio
(ratio of the voltage with NaK below the probe
to the voltage with NaK touching the probe), even
better than that of the on-off probe previously
described.

Sheath material for this probe was ordered under
ORNL Specification 7444-12. However, plans
for testing this probe have been canceled because
of termination of the test program.
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Fig. 32. All-lnconel On-Off Level Probe.
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4. DISCUSSION

In considering the design of the level systems
described in this report, two primary objectives
were established: reliability and operating char
acteristics such as good accuracy, linearity, and
precision.

The reliability of the system was considered
from two aspects, the physical reliability of the
transducer in relation to the process system into
which it is placed and the operational reliability
of the transducer and its associated indicating
and recording system.

In considering the physical reliability of the
system, it is to be noted that all the level ele
ments described, with the exception of the spark
plugs, were constructed of material compatible
with the system into which it was to be placed
and that the units were of all-welded construction

and were to be welded into place for final oper
ation. Since the units were to be placed in
systems which would cause very hazardous condi
tions in case of a gas or liquid leak, this all-
welded construction and installation was of prime
importance, and careful consideration was given
to the selection and inspection of the materials
of construction of the probe. It was felt that the
materials and methods used in the fabrication

and installation of the various level elements

provided units that were as reliable as the sys
tems into which they were placed.

The use of spark plugs is also prohibited in
any system in which a hazard exists because of
the possibility of escaping gas or liquid, and it
is felt that their use for level measurement is

justified only in systems in which no hazard
exists and in systems where level indications
are not required but are a matter of convenience.

The required operational reliability of the level
systems dictated simplicity of design and oper
ation of the entire level measuring system. The
transducers themselves were designed with this
in mind, and it is believed that the objective was
met in all respects. In addition to simplicity,
the basic reliability requirement of any instru
mentation system — self-monitoring — was con
sidered. The continuous level-measuring system
fulfills this requirement to the degree required
since, by observing the recorder, the operational
behavior can be observed and the record examined

for any unusual characteristics, which can then be
checked quickly against other operation data.
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From the nature of the continuous level probes,
any failure of the probe will be evident by ob
serving the level recorder and, if desired, by in
stalling an indicator-light system in the recorder
to indicate voltage failure or any unusual increase
or decrease in the supplied current or voltage to
the probe.

It is to be noted that the on-off probe system
does not meet this self-monitoring requirement,
since the indicator light may well indicate a false
level condition caused by faulty operation of the
relay or failure of the indicator lamp. For this
reason, it is desirable to use continuous level
probes even in systems in which only maximum
and minimum levels are of interest.

The recorder or indicator systems used with the
level probes were constructed by using the most
reliable equipment available. The use of the a-c
system allows the standard a-c supply line to be
used, eliminating extra power supplies, and, in
the case of the on-off probes, allows the use of
commercial relays. The recorders used are also
widely used in all industrial instrument systems,
and the modification did not affect their relia

bility or accuracy.
The required operational characteristics of the

level-measuring system were met in all respects
and exceeded in most. As is evident from the

data, the accuracy, linearity, and precision are
sufficient for almost all operational requirements.
If higher accuracies are required, it is believed
that the calibration system could be improved in
order to achieve this goal. It is to be pointed
out, however, that in order to obtain the maximum
possible accuracy and related operational charac
teristics from the level-measuring system, actual
calibration is required, since the physical and
chemical properties of the fluid being measured
and of the material of the probe may not be accu
rately known or may vary from probe to probe or
from system to system in the case of the process
fluids.

Life and operational tests on all the units to
date indicate that the level-measuring systems
described in this report are of sufficient quality,
with regard to reliability and operational charac
teristics, to be used in all types of liquid-metal
systems at temperatures from 200°F, or lower,
to 1500°F, or as limited by the materials of
construction of the probes and fluid containers.



5. APPENDIX

Drawing References

Title

Resistance-Type Level Transducer - Details

Resistance-Type Level Transducer - Assembly

Model 2 Resistance-Type Liquid-Metal Level Transducer - Details

Model 2 Resistance-Type Liquid-Metal Level Transducer - Assembly

Liquid-Metal Level Transducer for Expansion Tank - Details
and Assembly

Liquid-Metal Level Transducer for Drain Tank - Details
and Assembly

Liquid-Metal On-Off Probe - Details and Assembly

Brown Recorder Modification for 60-Cycle Operation

Interconnection Diagram Resistance-Type Level Transducer
and Foxboro Recorder

NaK Level-Test Facility

Test Rig - Details and Assembly

Test Panels - Wiring, Cutouts, and Miscellaneous Details

Heater and Thermocouple Layout

Probe Actuator - Details and Assembly

Seal for J-Tube

Conax Fitting Guide

Conax Fitting Sealant

Sodium-Level Transducer Life-Test Facility

Drawing Number

Q-1716-135

Q-1716-136

Q-1717-5

Q-1717-6

Q-1717-32

Q-1717-46

Q-1717-47

Q-1722-17

Q-1724-9

Q-1717-30

Q-1785-2

Q-1785-3

Q-1785-4

Q-1785-5

Q-1716-110

Q-1785-6

Q-1785-8

Q-1785-9

D-2-02-054-4676

Q-1717-19

Q-1717-24

Q-1717-25

D-2-02-054-4686

Q-1717-20

Q-1717-21

SK-AML-1615

SK-RFH-1254

SK-RFH-1256

Q-1717-11

Q-1717-12

Q-1717-13

Q-1717-14

Q-1717-15

Q-1717-16

Q-1717-17

Q-1717-39

Q-1717-40

Q-1717-41

Q-1717-42

Q-1717-45
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Title Drawing Number

On-Off Probe-Test Facility Q-1717-49
Q-1717-50

Q-1717-51

On-Off Probe Installation, PKA-2 Test Loop D-2-02-054-3999
SK-REP-70412-1

SK-REP-70416-1

SK-REP-70426-1

ORNL Specifications

7444-1. Magnesium Oxide. - This specification covers electrically fused magnesium oxide

having an impuritycontent below that required to meet a specified reactivity coefficient maximum.

7444-11. Inconel Sheathed Cable — Copper Conductors. - This specification covers the

Inconel-sheathed material for on-off level transducers.

7444-12. Inconel Sheathed Cable — Inconel Conductors. - This specification covers the

Inconel-sheathed material for on-off level transducers.

4998-23. Magnesium Oxide—Insulated Cable.- This specification covers two-conductor and

four-conductor MgO-insulated copper-sheathed cables used as connecting cables for the level

transducers.

Resistivity Curves

Resistivity Curves for Sodium and NaK. - The data used to plot the resistivity curves of

both sodium and NaK (Fig. 33) were obtained from TID-5277.' The NaK composition for which

the data applies is 56% Na-44% K, by weight.

Resistivity Curve for Inconel. - The data used to plot the resistivity curve of Inconel were

obtained by J. C. Wilson, Solid State Division, ORNL (see Fig. 34). Specimens from five dif

ferent heats of Inconel were used in obtaining the data. It is to be noted that the resistivity

values in the temperature region below950°F depend upon the fabrication and heating and cooling

history of the Inconel.

Liquid Metals Handbook, Sodium—NaK Supplement, TID-5277, a joint publication by the AEC and the
Department of the Navy (July 1, 1955).
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Fig. 33. Resistivity of NaK and Sodium.

VERY SLOW COOLING OF ONE
HEAT WITH INITIAL RESISTIVITYX
OF 105 /^ohm-cm

RESISTIVITY IN THIS REGION
'DEPENDS ON TIME AT TEMPERATURE

"SCATTER BAND FOR 5 HEATS ON HEATING
AND COOLING WITHOUT ALLOWING APPRECIABLE
HOLDING IN 800-950°F TEMPERATURE RANGE

400 800

TEMPERATURE (°F)

Fig. 34. Resistivity of Inconel (Five Heats) vs

Temperature. Prepared by J. C. Wilson, Solid State

Division, ORNL.

Pages 38-43 are exact duplications of the material submitted.
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OAK RIDGE NATIONAL LABORATORY

Operated by
UNION CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corp.

ORNL SPEC. 4998-23
April 26, 1957

HAGNESIUM-OXIDE-INSULATED CABLE

SPECIFICATIONS

1. Four conductor cable:

1.1 Conductors: Two No. 10 and two No. 18 gauge wires.

1.2 Sheath OD: .375 + .002 in.

1.3 Sheath thickness: .020 in. minimum, .030 in. maximum.

1.4 Minimum spacing between wires or between wires and sheath:

.036 in.

2. Two conductor cable:

2.1 Conductors: Two No. 18 or two No. 16 gauge wires.

2.2 Sheath OD: .250 + .002 in.

2.3 Sheath thickness: .020 in. minimum, .030 in. maximum.

2.4 Minimum spacing between wires or between wires and sheath:

.036 in.

GENERAL SPECIFICATIONS

1. Type cable: Two conductor and 4 conductor sheath cable for high
temperature operation.

2. Sheath: Copper.

3. Insulation: High purity Magnesium Oxide in accordance with ORNL
SPEC. 7444-1'

4« Conductors: Solid high-conductivity copper, nickle plated.

5. Test requirements: Insulation resistance greater than 10 megohms for
a 10 foot length with bends of radius equal to twice the cable diameter.
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ORNL SPEC. 499S-23
April 26, 1957

Resistance measured at 500 volts D.C. at room tanperature.

6. Piece Length: 12 to 30 ft. random lengths.

Prepared by: /s/ R. E. Pidgeon
R. E. Pidgeon

Approved by: /s/ R. G. Affel
R. G. Affel

Instrument Department
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OAK RIDGE NATIONAL LABORATORY

Operated by
UNION CARBIDE NUCLEAR COMPANY

P.O. Box Y, Oak Ridge, Term.

ORNL SPEC. 7444-11
June 12, 1957
Page 1 of 1

INCONEL SHEATHED CABLE-COPPER CONDUCTORS

TITLE

Inconel-sheathed material for "on-off" level transducers.

SPECIFICATIONS

1. Center conductor: One No. 8 AWG wire.

2. Sheath OD: .225 in. minimum, .230 in. maximum.

3» Sheath thickness: .022 in. minimum, .025 in. maximum.

GENERAL SPECIFICATIONS

1. Sheath material: Inconel. Maximum scratch depth 5% of wall
thickness.

2. Insulation: High purity magnesium oxide in accordance with ORNL
Spec. 7444-1' The insulation shall be compacted by swaging the
sheath tightly over the insulated wire.

3- Center conductor: Solid high-conductivity copper, nickle plated
to thickness of .0005 to .001 inches.

4* Test requirement: Insulation resistance greater than 10 megohms
for a 10 foot length with bends of radius equal to twice the cable
diameter. Resistance measured at 500 volts dc at room temper
ature.

5» Piece length: 10 to 12 foot random lengths, minimum length
2 ft.

6. Handling: The furnished material shall be straight . All tubing
must be handled and packed with care in order not to scratch or
otherwise damage the surface.

7« Each piece of material shall be packed and shipped with both ends
heliarc welded closed.

Prepared by: /s/ R. E. Pidgeon
R. E. Pidgeon

Approved by: /s/ R. G. Affel
R. G. Affel

Instrument Department
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OAK RIDGE NATIONAL LABORATORY

Operated by
UNICN CARBIDE NUCLEAR COMPANY

P.O. Box Y, Oak Ridge, Term.

QBNL SPEC. 7444-12
June 12, 1957
Page 1 of 1

INCONEL SHEATHED CABLE-INCONEL CONDUCTORS

TITLE

Inconel-sheathed material for "on-off" level transducers.

SPECIFICATIONS

1. Conductors: Two .062" + .006" diameter wires.

2. Sheath OD: .250 + .005 in.

3« Sheath thickness: .022 in. minimum, .025 in« maximum.

4- Wire spacing: Minimum spacing between wires or between wires and
sheath .020 in.

GENERAL SPECIFICATIONS

1. Sheath material: Inconel. Maximum scratch depth 5$ of wall
thickness.

2. Insulation: High purity magnesium oxide in accordance with ORNL
Spec 7444-l» The insulation shall be compacted by swaging the
sheath tightly over the insulated wire.

3. Conductors: Two straight .062" + .006" diameter inconel wires.
This material will be supplied by the purchaser.

4« Test requirement: Insulation resistance greater than 10 megohms
for a 10 foot length with bends of radius equal to twice the
cable diameter. Resistance measured at 500 volts dc at room
temperature.

5' Piece length: 10 to 12 foot random lengths, minimum length
2 ft.

6. Handling: The furnished material shall be straight. All tubing
must be handled and packed with care in order not to scratch or
otherwise damage the surface.

7« Each piece of material shall be packed and shipped with both ends
heliarc welded closed.

Prepared by: R. E. Piegeai /s/ REP:vcc
R. E. Pidgeon

Approved by: /s/ R. G. Affel
R. G. Affel

Instrument Department
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OAK RIDGE NATIONAL LABORATORY

UNION CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation
Post Office Box "P"

Oak Ridge, Tennessee

OEKL SPEC. 7444-1
March 7, 1956 - Page 1

MAGNESIUM OXIDE (MgO)

1.0 RAW MATERIAL

THE SUPPLIER OF THIS MATERIAL SHALL BE RESPONSIBLE FOR AIL REQUIREMENTS OF
THIS SPECIFICATION EXCEPT THOSE ITEMS REFERRING SPECIFICALLY TO ORNL

RESPONSIBILITY.

1.1 Material

This specification covers electrically fused magnesium oxide (magnesia
(MgO) having an impurity content below that required to meet a specified re
activity coefficient maximum.

1.2 Samples and Procure meat Procedure: Raw Material
1.2.1 Each homogenous batch of material shall be sampled by the vendor.

The samples shall be properly identified with the respective batch and sent to
ORNL for the tests in Section 1.3•

1-2.2 The vendor shall hold the balance of each batch pending notificat
ion of results and disposition of the material.

1.3 Tests Raw Material (ORNL Responsibility)
1.3.1 Reactivity Coefficient

1.3.1«1 ORNL shall measure the reactivity coefficient for each batch
on sample submitted by the vendor under section 1.2.1, notify the vendor regarding
compliance with this requirement of this specification and regarding disposition
of the material.

1.3.1.2 The following table of reactivity conversion factors is
submitted for the guidance of the vendor. It is to be used to convert the con
centration of impurities (in ppm) to equivalent boron concentrations (in ppm)
as follows:

(PPM of impurity) x (C.F.) = (PPM of Equivalent Boron)

The sample can be expected to pass the ORNL reactivity coefficient test if the sum
of the equivalent boron concentrations of all impurities is less than 75 ppm.

Included in the table is a list of impurities to be found in a typical sample
of MgO. The conversion to ppm of equivalent boron for each impurity is shown.
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OHJL SPEC. 7444-1 cont'd
March 7, 1956 - Page 2

Mat erial Conv. Factor (C.F.) Typical Cone (ppm) Equiv. Boron Cone(ppm)
Fe .00062 230 .14
V .0013 5 .0065
Ti .0017 75 .13
B 1.0 6 6.0
Cd •31 10 3.1
Hg .027 100 2.7
Mn .0033 20 .066
Co .0085 20 .17
Li •U 250 35.
Ni .0011 20 .022
Cu .00082 20 .016
In .024 10 .24
Ag .0080 1 .0080

This lot meets reactivity
coefficient requirements having less
than 75 ppm B equiv. cone

1.3.2 Chemical Composition: ORNL shall verify the chemical composition
as furnished by the vendor by check analysis and compare the results with the
analysis shown in section 1«4»

1.4 Chemical Composition
The MgO content shall be 96.0$ minimum.

•55- * *

Prepared by: /s/ J. T. De Lorenzo
J. T. De Lorenzo

Approved by: /s/ R. G. Affel
R. G. Affel

# #
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