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ABSTRACT

A load-cell-based portable weighing system which is capa-
ble of verifying the weights of 2.2 tonne 30-inch UFg cylinders
has been developed by the U.S. National Bureau of Standards
(NBS). This system weighs about 13 kg, and has an attainable
accuracy of about 1 kg. After an initial calibration at NBS,
the system is ready for use in the field. Approximately 5-10
minutes are needed for assembly, and, if an overhead crane has
access to all cylinders to be weighed, from 10-15 weighings may
be performed in one hour. During the past year the system has
been tested at several facilities around the world with
satisfactory results and with favorable comments from the facil-
ity operators. The results of several tests are presented in
this paper.



1. INTRODUCTION

1.1 Rationale and History

It is desirable for International Atomic Energy Agency
(IAEA) personnel to have independent means of verifying weights
of UFg cylinders at facilities which process UF5. Filled 30-
inch cylinders have masses of the order of three tonnes and it
is thus not possible for an inspector to carry appropriate
check weights with him. Further, tha mass of a check weight
could change over a period of many months not only because of
the possibility of tampering, but also due to deterioration or
corrosion. In order to avoid such fundamental problems in
verifying weights, a portable load-cell-based weighing system
(LCBS) has been developed for the Agency by the U.S. National
Bureau of Standards (NBS) through the U.S. International
Safeguards Project Office, under the POTAS program. The Techni-
cal Support Organization of Brookhaven National Laboratory has
assisted in the testing and implementation of the system.

Two different units of the system have been tested in sev-
eral facilities in Europe, Asia and North America. The results
of the tests at the NUKEM facility in Hanau, Federal Republic
of Germany are given in another paper at this symposium,(l)
while the rest of the data will be presented here.

1.2 System Requirements

The LCBS was designed and built for Agency needs by the
U.S. NBS, which also calibrated each unit. The LCBS is com-
posed principally of commercially available, off-the-shelf
items, which are easily obtainable from suppliers with a deliv-
ery time of a few weeks.

The system was intended to be portable, easy to assemble
and operate, and highly accurate. It has satisfied all of
these requirements, and is, in fact, more accurate than needed,
sometimes achieving agreement with operator systems to within
200 grammes in field (not laboratory) tests. The cost of a sin-
gle system is approximately US $8000. The disruptive impact on
normal activities at several facilities where the system has
been tested was found to be minimal, and, in fact, several oper-
ators have requested information on the system for possible use
by the facility for its own material accounting purposes.

Using the system, weighing can be performed easily and
quickly, wherever an overhead crane is available, thereby
permitting many rapid measurements to be taken without moving
each cylinder to a distant fixed weighing station. The device
can also be used in conjunction with a fork-lift truck where no
overhead crane is available. In areas where no source of elec-
tric power is available, a battery pack can be provided, which
can supply the required power for about eight hours.
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This report provides a description of the system, a sum-
mary of results of field tests, and conclusions regarding the
proposed routine use of the system by IAEA inspectors. Al-
though the current system has a limited capacity of 4.5 tonnes,
larger off-the-shelf units could easily extend the range to 22
tonnes and more. However, in latter cases, the weight of the
load cell itself would be about 32 kg instead of 4 kg, and the
system could not be considered portable.

2. Description

The core of the system is a load cell, about 4 kg in
weight, approximately 15 cm long and 10 cm in diameter. In a
weighing operation, the cylinder being weighed is suspended
below, and in series with, the load cell. As the cylinder is
raised from its support, the load cell elastically deforms in
response to the weight of the cylinder. This elastic deforma-
tion is sensed by electrical resistance strain gauges that are
bonded to the primary load-supporting element of the load cell
in an electrical full-bridge configuration. The electrical re-
sistance of the gauges changes by an amount that is propor-
tional to the force (weight) exerted by the UFg cylinder.

A small electronic instrument called a "transducer
indicator" provides a digital readout of the bridge imbalance.
The indicator is connected to the load cell by a 6-wire cable
with threaded connectors at both ends. The indicator supplies
a dc excitation voltage to opposite corners of the bridge,
senses this excitation voltage, senses the smaller output volt-
age at the other two corners of the bridge, and displays a
reading that is proportional to the ratio of output to input
voltage. This reading is also proportional to the cylinder
weight. During the calibration of the system at NBS, the span
of the indicator is adjusted to display the cylinder weight in
normal mass units. Experience thus far indicates an attainable
accuracy of 1 kg in 3000 kg. The indicator is ac-powered with
a battery option. On a yearly basis, each load-cell-indicator
pair should be checked against known weights, perhaps at the
IAEA laboratory at Seibersdorf.

Additionally, there are two "flexures", which are placed
one above and one below the load cell and connected to it by i
inch diameter, 14 threads/inch threaded stainless steel rods.
The flexures are small blocks of machined metal, about 10 cm on
a side, weighing <̂ 1.5 kg each. These serve to limit the magni-
tude of weighing errors that might otherwise be excessive due
to small flexural components of load. These flexural loads can
be induced by normal misalignment of screw threads, non-
sytnnetry of couplers or other system components, or cylinder
load imbalance. The other mechanical parts of the system are
determined by the geometry of the lifting hardware at the facil-
ity being inspected. Generally, the facility moves its cylin-
ders by means of an overhead crane and chains or spreader bars



which couple to the cylinders. The flexure-load cell combina-
tion is placed between the lifting hardware and the crane.

One additional passive electronic device is needed: the
transducer simulator or "standardizer". This is a network of
stable precision resistors arranged in a four-terminal configu-
ration so as to give precisely known ratios of output to excita-
tion voltage, as selected by a dial on the front panel. When
connected to the indicator, it simulates the electrical re-
sponse of the load cell in precise known steps. The simulator
is used to assure that the characteristics of the indicator
electronics have not changed substantially since the calibra-
tion at the NBS. At the time of calibration, the values given
by the indicator, as a function of the resistance ratios of the
simulator, are recorded. When used in the field, the simulator
should be used to check the indicator's read-out values both
before and after the set of UF5 cylinders is weighed. The
values obtained should be checked against the set of values
found at calibration, which will be provided.

A drawing of the mechanical components, as used at Exxon
Nuclear Company in Richland, Washington, is shown in Figure 1.
A more detailed description can be found in reference (2] (with
the modification that the hydraulic lift cylinder described
therein is no longer used). Table 1 shows a list of
components, suppliers and cost.

3. DATA AND RESULTS

The results recently obtained with the LCBS system at the
Capenhurst Works (United Kingdom) are reported in detail here.
The results of tests at the Ningyo-Toge Works (Japan), Exxon Nu-
clear Fuel Fabrication Plant (USA), and the Oak Ridge Gaseous
Diffusion Plant (USA) are also presented, but in summary form.

Small corrections must be made to each reading taken from
the display of the indicator. These corrections account for
differences between the conditions during the calibration at
NBS and the conditions in the field. The NBS calibration was
done at a temperature of 23°C, in a gravity field giving an ac-
celeration of 980.10138 cm/s2. Supplemental tests were
performed at higher and lower temperatures to determine the tem-
perature sensitivity at the load cell. Air buoyancy correc-
tions for the volume of the 30" UFg cylinders were included in
the calibration. During a weighing operation, the temperature
of the load cell is determined (to ±1°C) in order to correct
for the temperature dependence of the load cell response. The
first LCBS system, used at Capenhurst and Ningyo-Toge, has the
following correction formulas applied to its readings:

RTC - R(l+0.000016(23-T))

where R is the reading in kg, T is the temperature in °C, and



pC is the temperature-corrected reading. The calibration
curve is then applied to Rfc'

L m RTC-0.17>£

0.9994

where L i.s the load in kg. Finally, local gravitational accel-
eration is corrected for by

M - ̂ £ x L*
81

Here, gc is the value of g, at the NBS, where the calibration
was made, g^ is the g at the local site, where the weighing is
performed, and M is the determined mass in kg. In practice,
the sum of all these corrections is typically about 1-2 kg. It
is noted that the resolution of the read-out display, is ±0.5
kg-

3.1 The Capenhurst Works

The vesults of the first test are shown in Table II. Dur-
ing this test, a hydraulic lift cylinder was used to pick up
the UFg cylinders gently. It should be noted that 9 of the 13
cylinders weighed yielded values within 1 kg of the operator's
declared values, and 4 of the 13 were originally outlier3
(differing by about 3 kg from declared values). These remained
outliers throughout the exercise, and were the later re-weighed
by the operator on the facility's accurate scales. The
reweighings resulted in close agreement with the LCBS values,
as shown in Table II.

In a day, 12 of the cylinders were reweighed with the same
system, but with the hydraulic lift cylinder removed. This
lift cylinder is expensive, bulky, and somewhat.difficult to
handle, since the associated hydraulic pump must be moved
around on a medium-sized cart to follow the apparatus. There
had been objections to the use of the lift cylinder from many
IAEA inspectors and, since it did not improve performance (as
noted below), it has been removed from the LCBS.

Table III shows the results of th.e second test. The re-
sults in Table III are essentially identical to those in Table
II. The observed bias is -0.18 kg (instead of -0.14 kg) with
a standard deviation of 0.26 kg (instead of 0.50 kg). It thus
appears that the LCBS performance is not degraded by operation
without the lift cylinder.

In the third test, the flexures were removed and the LCBS
was used to reweight the sane set of cylinders. The flexures
are expensive, and increase the weight to be carried by the in-
spector. However, the results, shown in Table IV, show a
greater bias (-0.78 kg) and a greater standard deviation than



in the previous tests (0.63 kg). The increased spread in the
readings most likely arises from uncontrolled flexural compo-
nents of load, resulting from frictional forces in the
couplings or misalignment of the components.

A final test was made in which a fork lift, instead of the
overhead crane, was used to raise the LCBS. In this case, the
fork-lift could be raised even more smoothly and gently than
the overhead crane itself. Three of the outliers were chosen
for weighing. Because of time constraints the experimenters
were limited in the number of cylinders which could be weighed.
Since there had been questions on these cylinders, they were
the ones chosen for re-weighing. It was noticed at this point
that inverting the load cell gave a reading which was greater
by 1.5-2 kg. The correct procedure, therefore, is always to
orient the load cell in the same direction: inverted, with the
solid base end pointed up and the "live" flexible diaphragm end
pointed down, the same orientation used during the calibration
at NBS. The first cylinder (number 116) had to be corrected
for this bias. Also, an operator's scale was used to check
these cylinder's weights. Table V gives our results and the
operator's final numbers. These LCBS results are somewhat
poorer than those achieved with the overhead crane.

3.2 Other Facilities

3.2.1. The Ningyo-Toge Works

The same unit which was tested at NUKEM and at the
Capenhurst Works was also tested at the Ningyo-Toge Works about
four months after the Capenhurst exercise, and nearly a year
after the beginning of the test at NUKEM.

The system was tested with and without flexures, as
was done at Capenhurst. In this experiment, unlike at the
Capenhurst Works, no significant difference was observed be-
tween the measurements with and without flexures. On two days,
one week apart, a total of 13 cylinders were weighed. With the
flexures, the average bias (that is, the average difference be-
tween the operator's value and the corrected LCBS value), was
+0.72 kg. The standard deviation of the biases was 0.75 kg.
Without flexures, the bias was +0.78 kg with a standard devia-
tion of 0.58 kg. It is thus concluded that this unit has
performed in a satisfactory manner, over a period of a year.
The accuracy attainable by this unit is better than 1 kg.

3.2.2. Exxon Nuclear, Inc.

A second unit was used at Exxon and at Oak Ridge (see
next section). The test at Exxon was performed outdoors in the
direct sunlight, which may have provided difficulty in making
the temperature correction. A second problem, relating to the
quality of the solder joints in the cable linking the indicator



to the load cell, may also have been present. This latter prob-
lem became more apparent in Che Oak Ridge exercise and has
since been corrected. Only six cylinders were measured at
Exxon. The bias observed was 1.25 kg with a standard deviation
of 1.44 kg. These poorer results were probably due to the rap-
idly varying ambient temperature which was not necessarily
reflected in the instantaneous temperature of the load cell's
resistance bridge. A sun shade has been provided for future
tests of the system at Richland.

3.2.3. Oak Ridge Gaseous Diffusion Plant

Two separate tests, two week? apart, were made at the
Oak Ridge Toll Enrichment Facility. At the first test, it was
noted that the connecting cable referred to in the previous sec-
tion had functioned intermittently. Nevertheless, four cylin-
ders were weighed with two cylinders being weighed twice. The
observed bias was larger than previous results: 1,5±1.1 kg. It
is remarked that, in this facility, the accuracy of the
operator's scales is quoted as to ±2 lbs. (±G.9kg).

Before the second test, the faulty cable was
repaired. It was then found that the calibration of the system
had changed drastically (by >^1.4%). A recalibration of the sys-
tem has since been performed. This indicates a sensitivity of
the system to the quality of the electrical cables which are
used. In the future, a spare cable will be furnished for each
system.

4. CONCLUSIONS

Two independent load-cell systems have been assembled, and
both have undergone testing in the field. The original system,
now at Seibersdorf, has been demonstrated to inspectors at the
IAEA laboratory there, and, after some suggested modifications,
has been demonstrated to Agency personnel and to facility opera-
tors at NUKEM, Hanau, Federal Republic of Germany, at the
Capenhurst Works, United Kingdom, and at the Ningyo-Toge Works,
Japan. The second system is located in the U.S., and has been
used in similar demonstrations at Exxon Nuclear, Richland,
Washington, U.S. and at Oak Ridge, Tennessee, U.S. The follow-
ing general conclusions may be drawn.

The attainable accuracy of the system is better than 1 kg,
and the results are repeatable, both immediately and after sev-
eral months. The apparatus requires about 5 minutes for assem-
bly and several minutes to warm up; it can then perform 10-15
weighings in an hour. A single inspector, assisted by facility
crane personnel, can operate the LCBS. Thus, the disruptive im-
pact on normal activities at the facility is minimized. The
transducer simulator, the digital indicator, the load cell it-
self, and the flexures must be sealed or maintained in the pos-
session of Agency personnel in order to maintain the integrity



of the system. These items weigh less than 10 kg. No safety
problems have arisen, and the device is easy to operate. Data
*re extracted simply from the digital readout with minor correc-
tions for calibration of the particular cell (provided by the
NBS), for temperature, and for the local value of g, the
gravitational acceleration. Details may be found in Reference
2.

The load-cell-based system has been successfully
developed, has undergone several successful tests at facilities
under IAEA safeguards, and should be implemented as soon as pos-
sible as a verification tool for routine IAEA inspections at
facilities using Model 30-A and 30-B UFg cylinders. The device
would provide the Agency with a totally independent verifica-
tion capability regarding facility scales in such facilities.
The LCBS system has met with the approval of facility operators
using criteria of safety and minimal interference with normal
activities. In addition, it should be noted that some
facilities, (in particular, Exxon Nuclear of Richland,
Washington, U.S.A.(3)) have expressed interest in using a
load-cell-based weighing system for improving the efficiency of
their own measurements.
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Figure i

Side View of Assembled LCBS at Exxon Nuclear,
Richland, Washington
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Table I

Component*

Load Cell - BLH-T3P2B
or T3P1B

LCBS Component List

Supplier

BLH Electronics
42 Fourth Avenue
Waltham, Ma. 02154 USA

Read Out Indicator
Model DJ-320
(with 2 connecting cables,
for load cell and simula-
ator, LB/KG and 0-220V
switches)

Simulator - ACS Model 825

Flexures
Ormond Model UNF-FF4-25K

O.J. Instruments, Inc.
18 Republic Road
Billerica, Ma. 01862 USA

Approx. Cost

$1100.

$1200.

Automatic Control
Systems, Inc.

8515 Freeway Drive
Macedonia, Ohio 44056 USA

Ormond, Inc.
12020 East Rivera Road
Santa Fe Springs, Ca. 90670

$ 425.

$4300.

2 Yokes and Threaded Mfgd. by Brookhaven National
Connecting Rods; Stainless Laboratory for two of the
Steel units; this should be done

as a facility-specific item
by special contract or by
the IAEA. $1500.

* Identification of the components does not imply that the particular
components used in the system are necessarily the best available
for the purpose.



Table II

Results of LCBS Test: Full System

(16 Feb. 82 Ambient Temperature = 6°C)

Cylinder
Number
(kg)

29
141
88
101
9
1
44
108

RBU 3 1 2 1

OUTLIERS

116
80
110
79

Operators
Declared Wt.
Wo (kg)

2897.5
2720.3
2311.3
1669.2
2861.1
2889.7
2891.4
2865.2
2909.5

2861.7
2839.1
2418.7
2902.9

Corrected
Load Cell Meas.
WL(kg) (WO-WL)

(kg)

2897.5
2720.2
2911.0
1668.8
2861.1
2890.0
2892.0
2865.1
2910.5

2861.6
2838.6
2419.0
2904.0

0.0
0.1
0.3
0.4
0.0
-0.3
-0.6
0.1
-1.0

+0.1
+0.5
-0.3
-1.1

a((wo-wL)-
(Bias) BiasLJ

W0-WL(kg) (kg)

-0.14 0.50



Table III

Results of LCBS Test: Lift Cylinder Removed

(17 Feb. 82 Ambient Temperature « 2°C)

Cylinder
Number

29
141
88
101
9
1

44
108
116
80
110
79

Operator's
Declared Wgt.
Wo (kg)

2897.5
2720.3
2911.3
1669.2
2861.1
2889.7
2891.4
2865.2
2861.7
2839.1
2418.7
2902.9

Load Cell
Measurement
WL(kg)

2897.7
2720.4
2911.7
1669.4
2861.3
2890.3
2891.3
2865.3
2861.8
2839.5
2419.0
2902.5

wo~wL
(kg)

-0.2
-0.1
-0.4
-0.2
-0.2
-0.6
+0.1
-0.1
-0.1
-0.4
-0.3
+0.4

wo-wL
(BiasL)
(kg)

-0.18

a((wo-w>-
BiasLJ
(kg)

0.26



Table IV

Results of LCBS Test: Flexures and Lift Cylinder Removed

(17 Feb. 82 Ambient Temperature - 2°C)

Cylinder
Number

29
141
88
101
9
1

44
108
80
110
79

wo
(kg)

2897.5
2720.3
2911.3
1669.2
2861.1
2889.7
2891.4
2865.?,
2839.1
2918.7
2902.9

W
(kg)

2899.2
2720.9
2911.2
1669.9
2861.3
2889.8
2893.2
2866.3
2839.8
2419.2
2904.2

wo-w
(kg)

-1.7
-0.6
0.1
-0.7
-0.2
-0.1
-1.8
-1.1
-0.7
-0.5
-1.3

wo-w
(kg)
(Bias)

-0.78

cr[(Wo-W) -
BiasL]
(kg)

0.63



Table V

Results of LCBS Test: On Fork Lift, with Flexures

(19 Feb. 82 Ambient Temperature « 5°C)

Cylinder
Number

116

80

79

wo
(kg)

2866.2

2839.1

2902.9

WL
(kg)

2867.8*

2839.8

2905.2

wo-wL
(kg)

-1.6

-0.7

-2.3

* Correction of -1.5 kg made to obtain this value. Load cell was
inverted, causing need for this adjustment (see text). Also, the
weight of the 4.5 kg valve cover is included here, although it was
not on previous tables.


